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The Laboratory Contaminant Sensor developed under NASA Cont rac t  NAS1-7266 w a s  
modified t o  i n c r e a s e  i t s  s e n s i t i v i t y ;  t h e  performance of t h e  modif ied i n s t r u -  
ment was eva lua ted  w i t h  f i f t y  f i v e  tes t  contaminants.  
t e s t e d  can be  d e t e c t e d  a t  concent ra t ions  of less than  one p a r t  p e r  m i l l i o n .  
A l i n e a r  r e l a t i o n s h i p  exis ts  between t h e  mass spec t rometer  s i g n a l  a t  t h e  maxi- 
mum of t h e  d e s o r p t i o n  curve  and t h e  amount of contaminant sorbed.  For con- 
taminant-air  mix tures  prepared by d i l u t i o n ,  t h e  r e p r o d u c i b i l i t y  of t h e  o v e r a l l  
p rocess  (as judged by t h e  s t a n d a r d  d e v i a t i o n )  i s  about  twenty-five p e r c e n t  on 
t h e  average f o r  c o n c e n t r a t i o n s  i n  t h e  range from 0 .5  t o  10.0 p a r t s  p e r  m i l l i o n .  
The major source  of v a r i a b i l i t y  i s  be l ieved  t o  be  i n  t h e  technique  used t o  
prepare  t h e  m i x t u r e s .  The r e p r o d u c i b i l i t y  of t h e  a n a l y t i c a l  technique i s  e s t i -  
mated t o  be t e n  percent  from e a r l i e r  work. For some compounds, notab1.v a l c o h o l s  
and c e r t a i n  s u l f u r  compounds, q u a n t i t a t i v e  a n a l y s i s  i s  l i m i t e d  t o  concentra- 
t i o n s  g r e a t e r  than one p a r t  p e r  m i l l i o n  by some apparent ly  i r r e v e r s i b l e  s o r p t i o n  
process  occurr ing  i n  t h e  system. 
Many of  t h e  contaminants 
I d e n t i f i c a t i o n  o f  contaminants is  cont ingent  on r e c o g n i t i o n  of t h e i r  mass 
s p e c t r a  as they desorb from t h e  accumulator c e l l  and are pumped o u t  of t h e  
system. 
a s s o c i a t e d  w i t h  a s p e c i f i c  contaminant appear ,  increase i n  i n t e n s i t y ,  and 
d isappear  as t h e  s p e c t r a  are scanned d u r i n g  desorp t ion .  This  thermal  behavior  
can b e  h e l p f u l  i n  i d e n t i f y i n g  contaminants when they occur  i n  mixtures .  
ever, i f  t h e r e  i s  a l a r g e  number of contaminants i n  t h e  sample, i d e n t i f i c a t i o n  
of i n d i v i d u a l  contaminants depends on t h e  a b i l i t y  t o  i n t e r p r e t  t h e  t o t a l  
s p e c t r a  observed a t  each scan temperature  i n  terms of  t h e  i n d i v i d u a l  contami- 
n a n t s .  I n  such m i x t u r e s ,  low v o l t a g e  i o n i z a t i o n  can be used t o  advantage t o  
s i m p l i f y  t h e  mass s p e c t r a  i n t e r p r e t a t i o n  f o r  i d e n t i f i c a t i o n  of contaminants.  
Contaminants desorb over  a range of about  100°C. The mass numbers 
How- 
R e s u l t s  of t h i s  program have demonstrated t h e  g e n e r a l  c a p a b i l i t y  of t h i s  i n s t r u -  
ment f o r  t h e  d e t e c t i o n  and i d e n t i f i c a t i o n  of contaminants a t  low c o n c e n t r a t i o n s  
i n  a tmospheric  samples.  The a n a l y t i c a l  technique appears  t o  be s u i t a b l e  f o r  t h e  
a n a l y s i s  of contaminants i n  s p a c e c r a f t  atmospheres.  A p p l i c a t i o n  of t h e  p r i n c i -  
p l e s  incorpora ted  i n  the Laboratory Contaminant Sensor t o  the development of 
pro to type  f l i g h t  i n s t r u m e n t a t i o n  i s  t h e  next  l o g i c a l  e x t e n s i o n  of t h i s  program 
t o  provide on-board a n a l y s i s  of  contaminants i n  s p a c e c r a f t  atmospheres.  
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Analys is  of contaminants i n  confined atmospheres of s p a c e c r a f t  r e q u i r e s  t he  
development of ins t rumenta t ion  which has  the  c a p a b i l i t y  f o r  d e t e c t i o n  of a 
wide spectrum of chemical spec ie s  and which meets t he  s p e c i a l  c o n s t r a i n t s  of 
f l i g h t  hardware. A s  a f i r s t  s t e p  toward achiev ing  these  o b j e c t i v e s ,  a pro- 
gram was undertaken t o  develop a Laboratory Contaminant Sensor wi th  the  capa- 
b i l i t y  f o r  d e t e c t i o n  of a s e l e c t e d  group of compounds a t  concen t r a t ions  i n  t h e  
p a r t  per  m i l l i o n  range i n  a i r .  The r e s u l t s  of t h i s  development program a r e  
presented  i n  NASA CR-66606, F i n a l  Repor t ,  Laboratory Contaminant Sensor ,  A 
second phase e f f o r t  was undertaken t o  i n v e s t i g a t e  d e t e c t i o n  of atmospheric 
contaminants a t  concen t r a t ions  of l e s s  than one p a r t  per m i l l i o n  and t o  extend 
the  number and type of contaminants t e s t e d .  Resu l t s  of t h i s  e f f o r t  a r e  d e -  
s c r ibed  i n  t h i s  f i n a l  r e p o r t .  
The Laboratory Contaminant Sensor c o n s i s t s  of a mass spectrometer  coupled wi th  
accumulator c e l l s  con ta in ing  a so rben t  m a t e r i a l  on which contaminants from the  
a i r  a r e  concent ra ted ,  Contaminants c o l l e c t e d  i n  t h e  accumulator c e l l  a t  room 
temperature  a r e  subsequent ly  desorbed t o  t h e  i n l e t  system of the  mass spec- 
t rometer  by h e a t i n g  the  c e l l .  An i n i t i a l  p recu t  removes r e s i d u a l  a i r  from the  
accumulator c e l l  t o  provide p re s su res  compatible wi th  the  mass spectrometer  
l e a k ,  and t o  inc rease  the  r e l a t i v e  concen t r a t ion  of t he  contaminants.  A s  t he  
contaminants desorb ,  they a r e  pumped through t h e  i n l e t  system, p a s t  a gold l e a k  
where a small  p o r t i o n  of t h e  contaminants e n t e r  t he  mass spectrometer  f o r  
a n a l y s i s  and q u a n t i t a t i v e  de te rmina t ion .  By programmed temperature  deso rp t ion ,  
a p a r t i a l  s e p a r a t i o n  of contaminants i s  achieved.  
Three so rben t  m a t e r i a l s  (each i n  a s e p a r a t e  accumulator c e l l )  a r e  employed i n  
the  sensor  t o  provide c a p a b i l i t y  f o r  t h e  v a r i e t y  of chemical compounds of 
i n t e r e s t .  These so rben t s  a r e  Porapak Q ,  cha rcoa l ,  and Molecular Sieve 5A. 
Most of t he  r e l a t i v e l y  h ighe r  molecular weight  organic  compounds a r e  r e t a ined  
on Porapak Q.  Charcoal i s  used t o  r e t a i n  the  lower molecular weight compounds, 
which a r e  no t  r e t a i n e d  on Porapak Q under the  cond i t ions  used f o r  a n a l y s i s ,  and 
Molecular Sieve t o  r e t a i n  the  n i t r o g e n  oxides  and c e r t a i n  o the r  gases  which a r e  
no t  r e t a i n e d  on cha rcoa l .  The use of t hese  t h r e e  so rben t s  provides  genera l  
c a p a b i l i t y  f o r  accumulation of a f a i r l y  wide range of chemical compounds. How- 
e v e r ,  none of t hese  so rben t s  proved capable  of r e t a i n i n g  carbon monoxide under 
the  procedures  used i n  the Laboratory Contaminant Sensor.  A pal ladium charcoa l  
so rben t  was prepared which showed a c a p a b i l i t y  f o r  r e v e r s i b l e  adso rp t ion  of c a r -  
bon monoxide from a i r  samples; t h i s  so rben t  was t e s t e d  t o  a l imi t ed  e x t e n t .  
I n  t h e  second phase e f f o r t  descr ibed  i n  t h i s  r e p o r t ,  t h e  o b j e c t i v e s  were t o  
determine the  c a p a b i l i t y  of t he  sensor  wi th  a wider spectrum of compounds and 
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t o  i nc rease  t h e  s e n s i t i v i t y  of t he  technique t o  permit  d e t e c t i o n  a t  lower con- 
c e n t r a t i o n .  Some minor modi f ica t ions  t o  the  e x i s t i n g  in s t rumen ta t ion  were per-  
formed t o  achieve  t h i s  l a t t e r  o b j e c t i v e .  
One l i m i t a t i o n  encountered i n  eva lua t ing  ins t rumenta t ion  f o r  d e t e c t i o n  of t r a c e  
contaminants i s  the  l a c k  of a v a i l a b l e  s t anda rds  f o r  contaminants a t  low concen- 
t r a t i o n s ,  I n  the  e a r l i e r  s tudy  program analyzed contaminant -a i r  mixtures  were 
purchased f o r  d i l u t i o n  i n  e s t a b l i s h i n g  the  c a p a b i l i t i e s  of t he  Laboratory Con- 
taminant Sensor ,  Io  the  course of eva lua t ing  the  r e s u l t s  of t h a t  s tudy  some 
ques t ion  a rose  concerning the  r e l i a b i l i t y  of sampling p res su r i zed  c y l i n d e r s  so 
t h a t  a sample of the  t e s t  gas conformed t o  the  repor ted  a n a l y s i s .  A l s o ,  t he  
use  of purchased mixtures  somewhat r e s t r i c t e d  the  s e l e c t i o n  of contaminants 
which could be t e s t e d  s imul taneous ly .  For these  r easons ,  a method of prepar ing  
gas mixtures  i n  p l a s t i c  bags was i n v e s t i g a t e d  f o r  use a s  s t anda rds  f o r  t e s t  
purposes .  
Resu l t s  o f  t he  second phase s tudy  e f f o r t  shows t h a t  t h i s  technique has  a genera l  
c a p a b i l i t y  f o r  concen t r a t ing  Contaminants from the  a i r  f o r  a n a l y s i s  by mass 
spectrometry.  However, programmed temperature  deso rp t ion  a f f o r d s  only  a par-  
t i a l  s e p a r a t i o n  of t he  contaminants sorbed on a p a r t i c u l a r  so rben t ;  and the  
c a p a b i l i t y  f o r  ana lyz ing  complex mixtures  of organics  i s  r e s t r i c t e d  t o  those 
mixtures  f o r  which the  degree of s e p a r a t i o n  dur ing  deso rp t ion  i s  s u f f i c i e n t  or 
t he  mass s p e c t r a  a r e  s u f f i c i e n t l y  d i f f e r e n t  t o  permit  unambiguous i d e n t i f i c a -  
t i o n  of t he  components. The use  of low vo l t age  i o n i z a t i o n  o f f e r s  one means of 
s impl i fy ing  the  mass s p e c t r a  s o  t h a t  some of t he  d i f f i c u l t i e s  a t t e n d a n t  on 
ana lyz ing  the  complexity of fragment ion  s p e c t r a  a r e  e l imina ted  o r  a t  l e a s t  
s i g n i f i c a n t l y  reduced. 
I n  the  fo l lowing  s e c t i o n  of t h i s  r e p o r t ,  t he  modi f ica t ions  t o  t h e  Laboratory 
Contaminant Sensor are  desc r ibed ;  t h e  method of prepar ing  and ana lyz ing  test  
gas  mixtures ,  and the  r e s u l t s  of t hese  ana lyses  a r e  summarized and d iscussed .  
Tes t  r e s u l t s  w i th  a second ins t rument  a r e  presented i n  Sec t ion  4 of t h i s  
r e p o r t .  
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2. EXPERIMENTAL 
A d e s c r i p t i o n  of  m o d i f i c a t i o n s  performed on t h e  e x i s t i n g  instrument  is  presented  
i n  Paragraphs 2 .1 .1  and 2.1.2. Modif ica t ions  t o  t h e  e l e c t r o m e t e r  a m p l i f i e r  were 
undertaken t o  permi t  f u l l  u s e  of t h e  s e n s i t i v i t y  of t h e  mass spectrometer  t o  
monitor t he  d e s o r p t i o n  of contaminants.  Minor modi f ica t ions  t o  t h e  i n l e t  system 
were performed t o  s i m p l i f y  opera t ion .  
The method of p r e p a r i n g  tes t  gas mixtures  i s  d e s c r i b e d  i n  Paragraph 2.2,  t o g e t h e r  
wi th  t h e  technique used w i t h  t h e  Laboratory Contaminant Sensor f o r  t h e  a n a l y s i s  
of contaminants.  
2.1 MODIFICATIONS TO THE LABORATORY CONTAMINANT SENSOR 
2.1.1 ELECTROMETER AMPLIFIER MODIFICATION 
Determinat ion o f  a tmospheric  contaminants a t  very  low concent ra t ions  r e q u i r e s  
t h e  use  of t h e  maximum s e n s i t i v i t y  a v a i l a b l e  from t h e  d e t e c t i o n  u n i t ,  t h e  
CEC 21-614 mass spec t rometer .  This  ins t rument  has  two s e n s i t i v i t y  ranges avail-  
a b l e  d i f f e r i n g  by a f a c t o r  of 20, U s e  of t h e  more s e n s i t i v e  range i s  r e s t r i c t e d  
t o  a scan speed which is  too  slow t o  meet t h e  n i n e t y  minute a n a l y s i s  t i m e  
c o n s t r a i n t .  The r e s t r i c t i o n  arises from t h e  t i m e  c o n s t a n t  of t h e  e l e c t r o m e t e r  
a m p l i f i e r .  Modi f ica t ion  of t h e  feedback loop of  t h e  e lec t rometer -ampl i f ie r  w a s  
undertaken t o  make t h e  more s e n s i t i v e  range available a t  reasonably f a s t  
scan speeds.  
The r e q u i r e d  performance w a s  ob ta ined  by opening up t h e  bandwidth i n  t h e  h igh  
s e n s i t i v i t y  mode by removing t h e  c a p a c i t o r .  
i n  F igure  2-1. 
The e x i s t i n g  c i r c u i t  i s  shown 
Removing t h e  c a p a c i t o r  i n c r e a s e s  t h e  bandwidth and t h e  n o i s e  leve l .  
of 6OHz n o i s e  was due t o  t h e  d r i v e  v o l t a g e  f o r  t h e  so lenoid  r e l a y  used t o  change 
i n p u t  s e n s i t i v i t y  r a n g e s .  
(No. 4 3 0 )  which o p e r a t e s  on dc power suppl ied  from t h e  emission r e g u l a t o r .  
c i r c u i t  m o d i f i c a t i o n s  a r e  shown i n  t h e  Operat ion and Maintenance Manual f o r  t h i s  
ins t rument .  
The modified a m p l i f i e r  was t e s t e d  a t  d i f f e r e n t  bandwidths t o  determine a band- 
wid th  t h a t  would g i v e  t h e  b e s t  compromise between n o i s e ,  r e s o l u t i o n ,  and scan 
speed f o r  t h e  h igh  range .  A s  a r e s u l t  of t h e s e  t e s t s ,  a bandwidth of 4.7  c p s  
was chosen f o r  t h e  h igh  range;  h igher  bandwidths r e s u l t e d  i n  l o s s  of in format ion  
a t  scan  speed t h r e e  (40 seconds/octave)  because of t h e  increased  n o i s e  l e v e l s .  
On low s e n s i t i v i t y ,  t h e  bandwidth i s  72 c p s ,  which permi ts  scanning a t  t h e  f a s t -  
e s t  a v a i l a b l e  speed (10 seconds/octave)  w i t h  only  2% c l i p p i n g .  The response of 
t h e  modified a m p l i f i e r  i s  shobn i n  F i g u r e  2 - 2 .  The n o i s e  l e v e l  i n  t h e  h igh  sen-  
s i t i v i t y  mode i s  approximately n i n e  d i v i s i o n s  on t h e  o s c i l l o g r a p h  r e c o r d e r .  
The major 




FIGURE 2-1  
Amplif ier  Feedback C i r c u i t  
I n  t h e  o r i g i n a l  ins t rument ,  a l i q u i d  n i t r o g e n  cold t r a p  was employed i n  t h e  in -  
l e t  system between t h e  meter ing v a l v e  and t h e  sample vacuum pump t o  prevent  
back d i f f u s i o n  of  t h e  pump o i l  i n t o  t h e  i n l e t  system. This cold t r a p  requi red  
f requent  replenishment  of t h e  l i q u i d  n i t r o g e n  supply.  I n  order  t o  s i m p l i f y  the  
o p e r a t i o n  of t h e  system, t h i s  co ld  t r a p  was replaced by a Molecular S ieve  Fore- 
l i n e  Trap (Ultek Model 50-005). 
Replacement d i d  no t  a f f e c t  t h e  performance of t h e  system i n  g e n e r a l .  S a t i s f a c -  
t o r y  o p e r a t i o n  can be maintained by baking o u t  t h e  f o r e l i n e  t r a p  overn ight .  
The i n l e t  system was modified t o  p e r m i t  a t tachment  of t h e  c e l l s  through a Cajon 
VCR f i t t i n g  i n s t e a d  of  t h e  Swageloks formerly employed. 
gaske t ted  f i t t i n g  and can be used r e p e a t e d l y  without  d i f f i c u l t y .  Aluminum gas- 
k e t s  a r e  used f o r  t h e  s e a l  between t h e  c e l l  and t h e  i n l e t  system. I n d i v i d u a l  
gaske ts  can be used s e v e r a l  t imes b e f o r e  replacement i s  necessary.  Care should 
be exerc ised  n o t  t o  s c r a t c h  t h e  bear ing  s u r f a c e s  on these  f i t t i n g s .  
The Cajon V C R ' s  a r e  a 
The temperature  range of t h e  programmed temperature  c o n t r o l l e r  was increased  
from 250°C t o  300°C t o  permit  o p e r a t i o n  of t h e  charcoa l  and t h e  Molecular Sieve 
accumulator c e l l s  a t  h i g h e r  temperatures .  
2 . 2  IyiETHOD OF PREPARATION OF SAMPLES 
Samples a r e  prepared by d i l u t i n g  the  compounds wi th  a i r  i n  Tedlar  p l a s t i c  bags,  
The contaminant ,  e i t h e r  i n  t h e  form of t h e  l i q u i d ,  o r  i t s  s a t u r a t e d  vapor ,  o r  
gas  was measured wi th  a s y r i n g e  and i n j e c t e d  through a heated Hamilton i n j e c t i o n  
block i n t o  a flowing a i r  s t ream which empties i n t o  t h e  p l a s t i c  bag. A schematic 
diagram of  t h e  appara tus  i s  shown i n  F igure  2-3. The t o t a l  volume of a i r  used 
f o r  d i l u t i o n  was determined by measuring t h e  flow r a t e  and t h e  t i m e  p e r i o d .  
The Tedlar  bags were f a b r i c a t e d  from two-mil Tedlar  s h e e t  and h e a t  s e a l e d  
around t h e  edges.  A Swagelok quick d isconnec t  was i n s e r t e d  i n  one w a l l  of t h e  
bag b e f o r e  s e a l i n g .  The bag i s  r e i n f o r c e d  w i t h  a second l a y e r  of Tedlar  a t  t h e  
p o i n t  of i n s e r t i o n  of t h e  quick d isconnec t  f i t t i n g .  The f i t t i n g  i s  r e t a i n e d  i n  
t h e  bag wi th  a n u t  machined from a one inch rod of t e f l o n  and a washer c u t  from 
t e f l o n  s h e e t  s t o c k .  The bags were l e a k  t e s t e d  by t h e  vendor.  
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M I X  PREPARATION SAMPL I NG 
FIGURE 2-3. 
Mix P r e p a r a t i o n  and Sampling Apparatus 
The l i q u i d  contaminants used were obta ined  from Baker Chemical Corporat ion i n  
t h e  h i g h e s t  p u r i t y  a v a i l a b l e .  Gaseous contaminants were obta ined  from Matheson 
Company. The contaminants were sampled from small  test tubes c losed  wi th  a 
rubber  cap. I n  t a k i n g  s a t u r a t e d  vapor samples,  t h e  l i q u i d  w a s  a g i t a t e d  and a 
sample withdrawn i n t o  t h e  s y r i n g e  from n e a r  t h e  s u r f a c e  of t h e  l i q u i d .  The 
s y r i n g e  w a s  f lushed  several t i m e s  wi th  t h e  vapor phase and t h e  f i n a l  measured 
volume i n j e c t e d  i n t o  t h e  f lowing a i r  stream, and c a r r i e d  i n t o  t h e  bag i n  t h e  
a i r  s t ream. 
Liquid samples were taken d i r e c t l y .  Gas samples were taken e i t h e r  by purging 
t h e  s y r i n g e  d i r e c t l y  from t h e  gas  b o t t l e  o r  by pass ing  t h e  gas through a tes t  
tube  and purging t h e  s y r i n g e  by s l i g h t l y  o v e r p r e s s u r i z i n g  t h e  tube  and al lowing 
t h e  gas t o  flow o u t  through t h e  s y r i n g e .  
Contaminants were i n j e c t e d  through t h e  rubber septum i n  t h e  Hamilton i n j e c t i o n  
b lock  i n t o  a flowing a i r  stream. 
amount of a i r  ( u s u a l l y  30 l i ters o r  10 l i t e r s )  w a s  added. Flow rates of e i t h e r  
f o u r  o r  e i g h t  l i ters  p e r  minute were used; t h e  t o t a l  volume was c a l c u l a t e d  from 
t h e  flow ra te  and t h e  t i m e  per iod  of f i l l i n g .  The sample w a s  mixed by pushing 
on t h e  wal l s  of t h e  bag. 
two were used t o  c o n d i t i o n  t h e  bag,  t h e  t h i r d  w a s  sampled f o r  a n a l y s i s  wi th  t h e  
Laboratory Contaminant Sensor .  Samples were discharged from t h e  bag by pushing 
t h e  gas o u t  through two small h o l e s  c u t  i n  one corner  of t h e  bag; t h e s e  h o l e s  
were taped c losed  dur ing  t h e  f i l l i n g .  
samples. 
A i r  f low w a s  cont inued u n t i l  t h e  r e q u i r e d  
Three p r e p a r a t i o n s  of  each sample were made; t h e  f i r s t  
Bags were purged wi th  dry  a i r  between 
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The technique descr ibed  above was adopted because i t  w a s  be l ieved  t h a t  t h e  
i n n e r  w a l l  of t h e  bag would adsorb contaminants and that  by purging t h e  bag 
twice,  t h e  f i n a l  mixture  would b e  c l o s e  t o  t h e  c a l c u l a t e d  composition. 
Samples f o r  a n a l y s i s  were taken  from t h e  bag by pumping t h e  sample through t h e  
s o r b e n t  c e l l .  A sampling rate of 360 cclminute  w a s  employed. The volume of 
t h e  sample was determined from t h e  flow rate measured w i t h  a flowmeter down- 
stream from t h e  c e l l .  
The flow r a t e  was c o n t r o l l e d  from a needle  v a l v e  between t h e  flowmeter and 
t h e  vacuum pump. 
The t i m e  per iod  of sampling w a s  u s u a l l y  8 minutes.  
The sampling system i s  shown s c h e m a t i c a l l y  i n  F igure  2 - 3 .  
The sample f low rate w a s  chosen on t h e  b a s i s  of i n i t i a l  experiments which 
showed t h a t  low r e s u l t s  were obta ined  f o r  bag samples taken  a t  a rate of 
750 cc/minute.  
comparable t o  those  obta ined  by d i r e c t  sampling from a p r e s s u r i z e d  c y l i n d e r  
through t h e  gas p r o p o r t i o n e r .  The test samples were prepared by d i l u t i n g  a 
purchased mixture  of v i n y l  c h l o r i d e  i n  a i r  through t h e  gas  p r o p o r t i o n e r .  The 
d i l u t e d  mixture  was run  i n t o  t h e  Tedlar  bag t o  t es t  t h e  technique of sampling 
from t h e  bag. 
Samples taken  a t  360 cc/minute o r  180 cc/minute gave r e s u l t s  
I n i t i a l  experiments were performed w i t h  v i n y l  c h l o r i d e  t o  i n v e s t i g a t e  t h e  
r e p r o d u c i b i l i t y  of t h e  bag d i l u t i o n  techniques f o r  t h i s  gaseous compound. 
R e s u l t s  from v a r i o u s  p r e p a r a t i o n s  were compared a g a i n s t  each o t h e r ,  and a g a i n s t  
r e s u l t s  obtained by gas  p r o p o r t i o n e r  d i l u t i o n  of a purchased gas  mixture .  Com- 
p a r i s o n  of t h e  s l o p e  of  t h e  l i ne  r e l a t i n g  the amount of v i n y l  c h l o r i d e  ( i n  
m i c r o l i t e r s )  t o  t h e  mass spec t rometer  y i e l d e d  reasonably good agreement between 
samples prepared i n  t h e  bags and t h o s e  prepared by d i l u t i o n  of purchased gas 
mixtures .  However, t h e  d a t a  p o i n t s  f o r  each l ine  are badly  s c a t t e r e d .  Calcu- 
l a t e d  s tandard  d e v i a t i o n s  f o r  t h e  curve are 25% f o r  t h e  bag samples and 15% f o r  
the gas p r o p o r t i o n e r  samples.  
100 ppb t o  10 ppm f o r  t h e s e  tests. 
Sample c o n c e n t r a t i o n s  were i n  t h e  range from 
A d d i t i o n a l  experiments were performed wi th  benzene and methanol,  a l s o  a t  low 
c o n c e n t r a t i o n s ,  These d a t a  were badly s c a t t e r e d  and showed poor agreement 
between purchased analyzed gas  mixtures  and bag samples.  I t  w a s  i n i t i a l l y  
decided,  t h e r e f o r e ,  t o  abandon t h e  p r e p a r a t i o n  of  gas  mixtures  i n  bags.  
However, r e c o n s i d e r a t i o n  of t h e  problems a s s o c i a t e d  wi th  o b t a i n i n g  r e l i a b l y  
analyzed gas mixtures  of r e l a t i v e l y  n o n - v o l a t i l e  compounds and sampling pres-  
s u r i z e d  tanks  a c c u r a t e l y  l e d  t o  a d e c i s i o n  t o  pursue  t h e  p r e p a r a t i o n  of mixtures  
i n  bags f u r t h e r .  
I n  b r i e f ,  t h e  s i t u a t i o n  w a s  as fo l lows .  It h a s  been reasonably w e l l  demon- 
s t r a t e d  i n  t h e  f i r s t  phase of t h e  Laboratory Contaminant Sensor  development 
program, t h a t  gas  mixtures  could b e  d i l u t e d  w i t h  a i r  and analyzed i n  a repro- 
d u c i b l e  manner (about 10% on t h e  average) a t  c o n c e n t r a t i o n s  i n  t h e  range of 
10-100 ppm. However, a l though d a t a  i n d i c a t e d  t h a t  sampling w i t h i n  t h i s  
l a b o r a t o r y  w a s  r e p r o d u c i b l e ,  t h e  c a l c u l a t e d  s e n s i t i v i t y  v a l u e s  are dependent 
on reproducing t h e  sample taken  f o r  a n a l y s i s  by t h e  vendor.  I n  some i n s t a n c e s ,  
i t  appeared t h a t  t h i s  p r o c e s s  was ques t ionable .  On t h e  o t h e r  hand, p r e p a r a t i o n  
of i n d i v i d u a l  mix ture  i n  bags y i e l d s  less r e p r o d u c i b l e  r e s u l t s  b u t ,  hopefu l ly ,  
more t r u l y  r e p r e s e n t a t i v e  of  t h e  s e n s i t i v i t y .  
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A s  more experience w i t h  t h e  technique of  prepar ing  bags i n  samples w a s  gained,  
r e s u l t s  improved and t h e  average e r r o r  f o r  most contaminants w a s  about 20% f o r  
t h e  o v e r a l l  p rocess .  
a l c o h o l s  and cer ta in  o t h e r  compounds e x h i b i t  i r r e g u l a r i t i e s  a t  low concentra- 
t i o n s  which may account  f o r  t h e  wide d e v i a t i o n s  encountered i n  t h e  i n i t i a l  tests 
w i t h  methyl a lcohol .  
Reviewing a l l  t h e  d a t a  obta ined ,  i t  appears  t h a t  t h e  
These r e s u l t s  are d iscussed  i n  S e c t i o n  3 of t h i s  r e p o r t .  
Before l e a v i n g  t h e  s u b j e c t  of p r e p a r a t i o n  of t h e  samples,  i t  should b e  mentioned 
t h a t  samples taken from t h e  bags which were t e s t e d  on t h e  c h a r c o a l  c e l l  e x h i b i t e d  
unusual ly  h igh  water conten t .  
water, so  t h a t  t h e  e f f e c t  i s  n o t  observed w i t h  t h i s  ce l l .  The h igh  water con- 
t e n t  appears  t o  be  a s s o c i a t e d  w i t h  t h e  bags,  b u t  how i t  arises i s  n o t  p r e s e n t l y  
understood. 
The Porapak accumulator c e l l  does n o t  r e t a i n  
2 . 3  ANALYSIS OF SAMPLES 
Samples were analyzed i n  t h e  manner descr ibed  i n  t h e  ear l ie r  r e p o r t  (NASA 
CR 6 6 6 0 6 ) .  Figure  2-4 shows a schematic  diagram of t h e  system. 
accumulator c e l l  i s  charged wi th  a contaminant sample, i t  i s  valved o f f  a t  bo th  
ends and a t t a c h e d  t o  t h e  i n l e t  system of t h e  mass spec t rometer  w i t h  t h e  Cajon 
f i t t i n g .  A i r  i n  t h e  i n l e t  system is  pumped o u t  through t h e  main pump va lves ,  
B and E on Figure  2-4.  
p r e s s u r e ,  a i r  i s  p r e c u t  from t h e  accumulator ce l l  by opening t h e  c e l l  v a l v e  A 
f o r  15 seconds.  This  reduces t h e  p r e s s u r e  i n  t h e  system t o  a v a l u e  a c c e p t a b l e  
t o  t h e  gold l e a k  of t h e  mass spec t rometer .  Valves A ,  B and E are c losed .  The 
sample flow c o n t r o l  v a l v e  D i s  opened and valve C i s  opened so t h a t  t h e  flow 
p a t h  p a s t  t h e  gold l e a k  of t h e  m a s s  spectrometer  is  a c c e s s i b l e .  
The temperature  programmer i s  s t a r t e d  and t h e  c e l l  i s  hea ted  t o  5OoC.  
valve A is opened and as t h e  temperature  increases, t h e  desorb ing  contaminants 
flow p a s t  t h e  gold l e a k  and are pumped o u t  of t h e  i n l e t  system through t h e  
needle  valve. A p o r t i o n  of t h e  desorbed gas  e n t e r s  t h e  mass spectrometer  
through t h e  gold l e a k  and t h e  s p e c t r a  of t h e  desorbed contaminants i s  recorded 
a t  s e l e c t e d  temperature  i n t e r v a l s  throughout t h e  d e s o r p t i o n  per iod .  
%en t h e  f i n a l  d e s o r p t i o n  temperature  is  reached (260-270°C f o r  charcoa l  and 
Molecular S ieve  5A, 23OoC f o r  Porapak Q )  , valves B and E are opened and any 
r e s i d u a l  contaminants are pumped d i r e c t l y  from t h e  ce l l .  The c e l l  i s  pumped 
o u t  f o r  10 t o  15 minutes a t  t h i s  temperature  and allowed t o  c o o l  on t h e  system 
under vacuum. I t  i s  valved o f f  ready t o  a c c e p t  another  sample. 
A f t e r  t h e  
When t h e  i n l e t  system p r e s s u r e  is  reduced t o  background 
C e l l  
The c e l l  i s  hea ted  a t  an average ra te  of 6OC p e r  minute,  which i s  s l i g h t l y  less 
than  t h e  ra te  employed i n  t h e  ear l ie r  program (7OC p e r  minute) .  
monitored a t  25OC i n t e r v a l s .  
Spec t ra  were 
Mixtures  c o n t a i n i n g  several contaminants i n  a i r  were u s u a l l y  t e s t e d .  The 
d e s o r p t i o n  curves are p l o t t e d  as a f u n c t i o n  of temperature.  Typica l  desorp t ion  
curves are shown i n  F igures  3-32 t o  3-36. The h i g h e s t  s i g n a l  observed on t h e  
o s c i l l o g r a p h  r e c o r d e r  due t o  t h e  mass spectrum of each contaminant i s  used as 
t h e  measure of t h e  t o t a l  contaminant i n  t h e  sample. S ince ,  i n  g e n e r a l ,  i n  
t e s t i n g  mixtures ,  t h e  peak maximum of t h e  d e s o r p t i o n  curve  of a p a r t f c u l a r  
2-  6 
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contaminant may no t  co inc ide  wi th  t h e  scanning cyc le  t i m e ,  t h e  a c t u a l  peak of 
t h e  deso rp t ion  curve w i l l  no t  b e  observed. The maximum e r r o r  t h a t  can r e s u l t  
from miss ing  t h e  deso rp t ion  peak between cyc le s  i s  es t imated  from experiments 
i n  which a s i n g l e  peak w a s  monitored cont inuous ly  t o  b e  about  10%. 
The tempera ture  of maximum deso rp t ion  i s  es t imated  from t h e  i n t e r s e c t i o n  of 
t h e  ascending and descending shapes of t h e  deso rp t ion  curve ,  
is  c h a r a c t e r i s t i c  of t h e  contaminant and t h e  p a r t i c u l a r  so rben t .  It  tends t o  
s h i f t  t o  h ighe r  va lues  as t h e  concen t r a t ion  of t h e  contaminant dec reases .  
The c h a r a c t e r i s t i c  v a l u e  is  t h e  temperature  f o r  lower concen t r a t ions .  
This  temperature  
The t o t a l  amount of contaminant i n  t h e  samples taken f o r  a n a l y s i s  i s  p l o t t e d  
a g a i n s t  t h e  maximum peak observed a t  a mass number c h a r a c t e r i s t i c  of t h e  
p a r t i c u l a r  contaminant.  Typica l  d a t a  are shown i n  F igures  3-1 t o  3-29. F i f t y  
f i v e  contaminants were t e s t e d  i n  t h i s  s tudy  program. For about  h a l f  of t hese ,  
e i g h t  d a t a  p o i n t s  were taken  a t  d i f f e r e n t  concen t r a t ions .  
t h r e e  o r  fou r  d a t a  p o i n t s  were taken  t o  e s t a b l i s h  t h e  c a p a b i l i t y  of t h e  i n s t r u -  
ment f o r  d e t e c t i n g  t h e s e  contaminants.  The response of t h e  system t o  each 
contaminant i s  c a l c u l a t e d  i n  terms of d i v i s i o n s  p e r  m i c r o l i t e r  c a l c u l a t e d  e i t h e r  
from t h e  s l o p e  of t h e  l i n e  o r  from t h e  average of i n d i v i d u a l  sample  va lues .  
These s e n s i t i v i t y  va lues  are co r rec t ed  f o r  any changes i n  m a s s  spec t rometer  
performance by normalizing t h e  measured s e n s i t i v i t y  t o  a f i x e d  ins t rument  
response.  The s e n s i t i v i t y  of t h e  ins t rument  t o  n i t r o g e n  i n  a i r  measured d a i l y  
i s  used a s  t h e  normalizing f a c t o r ;  dur ing  most of t h e  exper imenta l  program 
t h i s  n i t r o g e n  s e n s i t i v i t y  w a s  i n  t h e  range 700-900 d i v i s i o n s  p e r  micron. 
For t h e  remainder,  
The r e s u l t s  of t h e  tes t  program are presented  i n  Sec t ion  3 of t h i s  r e p o r t .  
2.4 MASS SPECTRAL DATA 
Mass s p e c t r a  of t h e  contaminants t e s t e d  i n  t h i s  program were recorded a t  70ev 
and an es t imated  16ev. The purpose of t h e s e  c a l i b r a t i o n  runs w a s  t o  f u r n i s h  
a b a s i s  f o r  comparing t h e  s e n s i t i v i t y  as measured by t h e  deso rp t ion  d a t a  wi th  
t h e  s e n s i t i v i t y  of t h e  mass spec t rometer  i t s e l f ,  f o r  t h e  compounds. I f  t h e  
o r d e r  of s e n s i t i v i t i e s  of t h e  compounds by d i r e c t  a n a l y s i s  i s  comparable t o  
t h a t  ob ta ined  by t h e  accumulation technique ,  i t  provides  a measure of confidence 
t h a t  t h e r e  are not  undetermined l o s s e s  i n  t h e  deso rp t ion  technique.  F u r t h e r ,  
i f  t h i s  c o r r e l a t i o n  can be  e s t a b l i s h e d ,  i t  should be  p o s s i b l e  t o  estimate t h e  
concen t r a t ion  of contaminants f o r  which t h e  system has no t  been c a l i b r a t e d  from 
publ i shed  mass s p e c t r a l  d a t a .  
The low v o l t a g e  spectra are of i n t e r e s t  t o  examine t h e  p o s s i b i l i t y  of us ing  
t h i s  technique t o  s impl i fy  t h e  a n a l y s i s  of complex mixtures  of contaminants.  
Ordinary mass s p e c t r a  obta ined  wi th  70 v o l t  e l e c t r o n s  con ta in  many fragment ion  
peaks which can obscure small  amounts of some compounds i n  t h e  presence  of l a r g e  
amounts of o t h e r s .  By use  of low v o l t a g e  e l e c t r o n s  f o r  i o n i z a t i o n ,  many of 
t h e s e  fragment i o n  peaks are e l imina ted  o r  reduced i n  i n t e n s i t y ,  s o  t h a t  pa ren t  
i o n  peaks are more r e a d i l y  d i s c e r n i b l e .  With low vo l t age  e l e c t r o n s ,  however, 
t h e  i o n i z a t i o n  e f f i c i e n c y  i s  g r e a t l y  decreased.  To o b t a i n  a v a l i d  comparison 
between t h e  fragmentat ion p a t t e r n  as 70 ev and 16 ev,  t h e  spectra were run on 
low s e n s i t i v i t y  f o r  70 ev  and a t  h igh  s e n s i t i v i t y  f o r  16 ev.  There i s  f a c t o r  
of about  25 d i f f e r e n c e  between t h e  two s e n s i t i v i t i e s .  
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It would be  d e s i r a b l e  t o  o b t a i n  low v o l t a g e  spectra a t  lower e l e e t r o n  ene rg ie s  
than  16 v o l t s  because t h e r e  i s  s t i l l  an apprec i ab le  amount of f ragmenta t ion  f o r  
compounds wi th  i o n i z a t i o n  p o t e n t i a l s  i n  t h e  range of 9 t o  1 2  e l e c t r o n  v o l t s .  
The appearance p o t e n t i a l  f o r  many fragment ions  i s  i n  t h e  range from 11 t o  
1 4  v o l t s .  Unfor tuna te ly ,  t h e  des ign  of t h e  cyc lo id  i o n  source  and t h e  low 
vo l t age  mod i f i ca t ion  do n o t  permit  lower energy e l e c t r o n s  t o  be obta ined .  
Ac tua l ly ,  t h e  va lue  of 16 ev f o r  t h e  energy of t h e  i o n i z i n g  e l e c t r o n s  i s  an 
estimate obta ined  from t h e  appearance p o t e n t i a l s  of n i t r o g e n ,  oxygen, argon, 
and hel ium, The measured low v o l t a g e  p o t e n t i a l  between t h e  i n j e c t o r  and t h e  
anode is  8 v o l t s .  
The s p e c t r a  of t h e  va r ious  compounds were determined us ing  t h e  c a l i b r a t i o n  
i n l e t  system descr ibed  i n  t h e  Addendum r e p o r t  t o  NASA CR-66606. 
t h e  compound w a s  in t roduced  i n t o  t h e  i n l e t  system t o  cond i t ion  t h e  f i l amen t  
and t h e  system t o  t h e  p a r t i c u l a r  compound. This  sample  w a s  pumped ou t  and t h e  
background i n  t h e  ins t rument  w a s  recorded a t  70 ev us ing  low s e n s i t i v i t y  and 
a t  16 ev us ing  h igh  s e n s i t i v i t y .  A sample a t  measured p r e s s u r e  w a s  introduced 
and t h e  s p e c t r a  recorded under t h e  same cond i t ions  as t h e  background. The 
s e n s i t i v i t y  was c a l c u l a t e d  from t h e  s i g n a l  i n  terms of d i v i s i o n s  of ou tput  on 
t h e  o s c i l l o g r a p h  r eco rde r  f o r  t h e  base  peak and r e l a t e d  t o  t h e  s e n s i t i v i t y  of 
n i t r o g e n  i n  a i r  measured on t h e  same day. The r a t i o  of t h e  s i g n a l  from t h e  
base  peaks a t  16  ev  t o  s t a r t  a t  70 ev, w a s  c a l c u l a t e d  as a measure of t h e  l o s s  
i n  s e n s i t i v i t y  r e s u l t i n g  from t h e  u s e  of low energy e l e c t r o n s  f o r  i o n i z a t i o n .  
These r e s u l t s  are summarized i n  Table  2-1. The c o r r e l a t i o n  between deso rp t ion  
s e n s i t i v i t y  and d i r e c t l y  measured s e n s i t i v i t y  i s  i n d i c a t e d  by comparison 
between columns 2 and 5 of Table  2-1. 
i n  Appendix B. The v a l u e  of "S" a t  t h e  end of each of t h e  Appendix B t a b l e s  
r e p r e s e n t s  t h e  s e n s i t i v i t y  re la t ive t o  n i t r o g e n  i n  a i r .  The va lue  of "R" i s  
t h e  r a t i o  of t h e  s e n s i t i v i t y  of t h e  major peak a t  16 ev t o  t h a t  of t h e  major 
peak a t  70 ev. 
A sample of 
The i n d i v i d u a l  s p e c t r a  are presented  
The ins t rument  s e n s i t i v i t y  t o  n i t r o g e n  i n  a i r  v a r i e d  about  t e n  pe rcen t  d a i l y  
du r ing  t h e  c a l i b r a t i o n  experiments .  A l a r g e r  v a r i a t i o n  occurred on one 
occas ion ,  t h e  r e s u l t  of d e t e r i o r a t i o n  of t h e  f i l amen t .  It w a s  necessary  t o  
r e p l a c e  t h e  f i l amen t  i n  t h a t  case. A f t e r  t h e  f i l amen t  w a s  r ep laced ,  i t  was 
noted t h a t  t h e  s e n s i t i v i t y  t o  n i t r o g e n  and oxygen a t  high v o l t a g e  (70 ev) w a s  
comparable t o  earlier r e s u l t s ,  b u t  t h e  s e n s i t i v i t y  a t  low v o l t a g e  (16 ev) was 
decreased by a f a c t o r  of t h r e e  f o r  oxygen and by a f a c t o r  of t e n  f o r  n i t rogen .  
This  i n d i c a t e s  t h e  s e n s i t i v i t y  of low v o l t a g e  s p e c t r a  t o  cond i t ions  i n  t h e  i o n  
source ,  a f a c t o r  which must be considered i n  eva lua t ing  t h e  low v o l t a g e  
technique f o r  s i m p l i f y i n g  s p e c t r a l  i n t e r p r e t a t i o n s .  
The mass s p e c t r a  of some of t h e s e  compounds r e q u i r e s  some comment. The low 
v o l t a g e  s p e c t r a  were obta ined  wi thout  a d j u s t i n g  t h e  r e p e l l e r  vo l t age .  
i n s t rumen t ,  t h i s  has  t h e  e f f e c t  of enhancing t h e  apparent  c o n t r i b u t i o n  t o  t h e  
s p e c t r a  of t h e  low mass i o n  fragments .  For some of t h e  compounds t h a t  normally 
have a f a i r l y  l a r g e  peak a t  m / e  15, a t  l o w  v o l t a g e ,  t h i s  mass fragment appea r s  
as t h e  most i n t e n s e  peak i n  t h e  spectra. I n  t h e s e  c a s e s ,  t h e  low mass end of 
t h e  s p e c t r a  has  been d e l e t e d  from t h e  t a b l e s  and t h e  r a t i o  of t h e  o t h e r  masses 
a d j u s t e d  accord ingly .  I n  t h e  low v o l t a g e  spectrum of n i t r o u s  ox ide ,  t h e  f r ag -  
ment i o n  NO', appearance p o t e n t i a l  15 v o l t s ,  d i sappears  b u t  t h e  O+ fragment,  
I n  t h i s  
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w i t h  an appearance p o t e n t i a l  of 1 6 . 3  v o l t s ,  i n c r e a s e s  i n  i n t e n s i t y  r e l a t ive  t o  
t h e  p a r e n t  mass. This  i s  a l s o  a t t r i b u t e d  t o  i n c o r r e c t  r e p e l l e r  v o l t a g e .  The 
improper adjustment  r e s u l t s  i n  some d i s t o r t i o n  of t h e  r a t i o s  of t h e  h i g h e r  
masses; however, i t  i s  be l ieved  t h a t  t h e  disappearance of some peaks is  repre-  
s e n t a t i v e  of what may b e  expected t o  occur under t r u e  l o w  v o l t a g e  c o n d i t i o n s .  
I n  g e n e r a l ,  t h e  halogenated compounds show t h e  g r e a t e s t  l o s s  of s e n s i t i v i t y  
a t  low v o l t a g e ;  t h i s  i s  expected,  s i n c e  they  have some of t h e  h i g h e s t  i o n i z a t i o n  
p o t e n t i a l s  of  a l l  t h e  organic  compounds t e s t e d .  This  d e c r e a s e  i n  s e n s i t i v i t y  
w i l l  a l s o  occur  f o r  o t h e r  compounds as t h e  energy of t h e  i o n i z i n g  e l e c t r o n s  i s  
reduced t o  v a l u e s  n e a r  t h e i r  i o n i z a t i o n  p o t e n t i a l s .  
I m p u r i t i e s  i n  t h e  s p e c t r a  of some compounds are noted i n  t h e  t a b l e s .  The mass 
s p e c t r a  of l , l , l - t r i c h l o r o e t h a n e  i n d i c a t e s  t h e  presence  of a n  impur i ty  which 
h a s  a spectrum similar t o  dioxane. It  seems u n l i k e l y  t h a t  t h e  impur i ty  i s  
dioxane, b u t  i t  may b e  some p r e s e r v a t i v e  t o  prevent  t h e  formation of phosgene. 
It  appears  i n  t h e  s p e c t r a  of t r i c h l o r o e t h a n e  observed dur ing  d e s o r p t i o n .  I n  
t h e  low v o l t a g e  s p e c t r a  t h i s  impur i ty  s t a n d s  o u t  prominently compared t o  t h e  
g r e a t l y  reduced i n t e n s i t y  of t h e  s p e c t r a  of  t h e  halogenated compound and i t  w a s  
n o t  p o s s i b l e  t o  o b t a i n  a n  a c c e p t a b l e  l o w  v o l t a g e  s p e c t r a  f o r  t h i s  compound. 
2-  IO 
TABLE 2-1 
Summary of S p e c t r a l  Data 
Compound 
Ace tone 
A l l y l  a l coho l  
Benzene 
Butane 
n-But ano 1 
Bu teae-1 
Butyl  a c e t a t e  
Carbon d i s u l f i d e  





Die thy l  e t h e r  
1,4-Dioxane 
Ethyl  acetate 
E thy l  a l coho l  
Ethylene 
Ethylene d i c h l o r i d e  
Ethylene oxide 
E thy l  formate 
Freon-11 
n-Hexane 
Isobuty lene  
Methanol 
Methyl a c e t a t e  
Methyl b u t y r a t e  
Methyl e t h y l  ketone 
Methyl, Isopropyl ketsne 
S e n s i t i v i t y  
Relative 































R e  l a  t ive 
S e n s i t i v i t y  



























Sens i t i v i ty**  
I o n i z a t i o n  Measured on 
P o t e n t i a l *  Desorpt ion I- 
9.92 

















11.12 P.I .  
11.2 




10.27 P . I .  
10.07 P . I .  
9.76 

























TABLE 2-1 (Continued) 
Compound 
Sensitivity 
To N2 in Air Sengitivity Ionization Measured on 
70 ev at 8 ev Potential* Desorption 
Relative Re la t ive Sensitivity** 














0.79 0.29 9.41 







































* Ionization potentials are those reported for electron ionization unless marked 
P . I . ,  which indicates potentials determined from photo-ionization. 
from Electron Impact Phenomena, F.H, Field and J.L. Franklin, Academic 
Press, Inc., New York, 1957. 
Data are 
**Sensitivity of the major peak in the spectrum normalized to the seqsitivity 
of methyl isopropyl ketone observed during desorption. For example, the 
sensitivity measured for n-Hexane is 42 divisions/microliter at m/e 86; 
at m/e 57, the base peak for n-Hexane, a desorption sensitivity of 332 divisions/ 
microliter is calculated from the mass spectral data. The sensitivity rela- 
tive to methyl isopropyl ketone at  m/e 43 is 332/740 = X/2.7, where 740 
divisions/microliter i s  the desorption sensitivity of the base peak (m/e 43) 
of methyl isopropyl ketone. In this case, X = 1.2, in good agreement with the 
value obtained by direct calibration with n-Hexane. 
***Sensitivity values have not been entered in this column for those compounds 
which are not determined on Porapak Q. 
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3 .  RESULTS AND DISCUSSION 
The f a c t o r s  t h a t  are important  i n  e v a l u a t i n g  t h e  test r e s u l t s  are t h e  a b i l i t y  
of t h e  system t o  i d e n t i f y  contaminants as they occur i n  complex mixtures  i n  a i r  
and t o  determine t h e i r  c o n c e n t r a t i o n  i n  t h e  atmosphere,  Emphasis i n  t h i s  s tudy  
program has been p r i m a r i l y  d i r e c t e d  t o  determining t h e  response o f  t h e  Laboratory 
Contaminant Sensor t o  contaminants which have been observed i n  confined 
atmospheres. 
The s e n s i t i v i t i e s  measured i n  t h i s  test program are summarized i n  Table  3-1, 
w h i c h , l i s t s  t h e  compounds t e s t e d  i n  a l p h a b e t i c a l  o r d e r .  The s o r b e n t  used f o r  t h e  
de te rmine t ion  of each compound is l i s t e d  t o g e t h e r  wi th  t h e  temperature  a t  which 
t h e  r%Zikhurn s i g n a l  occurs .  This  temperature  tends t o  s h i f t  t o  lower va lues  as 
the concent ra t ion  of t h e  contaminant i n  t h e  s a m p l e  i n c r e a s e s .  
s e n s i t i v i t y  f o r  each component is l i s t e d  i n  t h e  f o u r t h  column of Table  3-1. 
The s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  from t h e  i n d i v i d u a l  de te rmina t ions  is included 
as an i n d i c a t i o n  of t h e  r e p r o d u c i b i l i t y  o f  t h e  o v e r a l l  p rocess  of prepar ing  and 
ana lyz ing  samples. For some contaminants ,  t h e  d a t a  i s  too  l i m i t e d  and t h e  
s t a n d a r d  d e v i a t i o n  was n o t  c a l c u l a t e d .  I n  o t h e r  cases, t h e  s e n s i t i v i t y  v a l u e  
w a s  c a l c u l a t e d  from t h e , s l o p e  of t h e  l i n e  r e l a t i n g  t h e  amount of contaminant 
sorbed t o  t h e  maximum response observed on desorp t ion ;  s tandard  d e v i a t i o n s  
were n o t  c a l c u l a t e d  i n  t h e s e  cases. F igures  3-1 t o  3-29 included a t  t h e  end 
of t h i s  s e c t i o n ,  show t h e  d a t a  g r a p h i c a l l y  f o r  some compounds. 
The normalized 
I n s p e c t i o n  of t h e  d a t a  p r e s e n t e d  i n  Table  3-1 i n d i c a t e s  t h a t  t h e  r e p r o d u c i b i l i t y  
of t h e  o v e r a l l  p rocess  of prepar ing  and ana lyz ing  t h e  tes t  samples i s  about  20 
t o  25%. Consider ing t h e  range of c o n c e n t r a t i o n s  and v a r i e t y  of compounds t e s t e d ,  
t h i s  i s  b e l i e v e d  t o  b e  a n  a c c e p t a b l e  v a l u e .  
The d a t a  obta ined  i n  t h i s  second phase e f f o r t  may b e  compared w i t h  t h a t  r e s u l t i n g  
from t h e  f i r s t  program a f t e r  normalizing t h e  o r i g i n a l  d a t a  f o r  t h e  ins t rument  
s e n s i t i v i t y .  This comparison is shown i n  Table  3-2. 
I n  genera l ,  t h e  agreement between r e s u l t s  from purchased, analyzed mixtures  and 
from mixtures  prepared i n  t h i s  l a b o r a t o r y  i s  f a i r l y  good. R e s u l t s  f o r  butene-1 
are e s p e c i a l l y  good, probably because of t h e  re la t ive  i n e r t n e s s  of t h i s  gas.  
For some of  t h e  a l c o h o l s  and s u l f u r  compounds, t h e r e  appears  t o  b e  a n o n l i n e a r  
response i n  t h e  low concent ra t ion  range.  
n-propanol (Figures  3-7, 3-7a, 3-24 and 3-24a) i l l u s t r a t e  t h e  e f f e c t .  The h i g h  
c o n c e n t r a t i o n  d a t a  f o r  carbon d i s u l f i d e  (4-40 ppm) e x t r a p o l a t e  t o  a zero s i g n a l  
v a l u e  a t  about  a c o n c e n t r a t i o n  of 1 ppm. Data f o r  concent ra t ions  i n  t h e  range up 
t o  about 1 . 5  ppm show a lower s e n s i t i v i t y .  
Other a l c o h o l s ,  a l l y l ,  methyl,  and p o s s i b l y ,  n-butyl,  a l s o  show t h e  e f f e c t  which 
The d a t a  f o r  carbon d i s u l f i d e  and 
The behavior  of  n-propanol i s  similar. 
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TABLE 3-1 




A c e t o n i t r i l e  





Butyl a c e t a t e  
Butyraldehyde 
Carbon d i s u l f i d e  






Die thyl  e t h e r  
1,h-Dioxane 
Ethyl  a c e t a t e  
Ethylene d i ch lo r ide  
Ethyl  a lcohol  
Ethyl  formate 
Ethylene 
Ethylene g lyco l  
Freon-11 
Furfury l  a lcohol  
n-Hexane 
Isobuty lene  
I sopropyl  a l coho l  
Methyl a lcohol  
2-Methoxy e thanol  
Methyl a c e t a t e  
Methyl n-butyrate 
Methyl e t h y l  ketone 
Methyl i sopropyl  ketone 
Methylene ch lo r ide  
Nitric oxide 
Ni t rous  oxide 
n-Propanol 
Propyl  mercaptan 
Su l fu r  d ioxide  
Tetrahydrofuran 
Toluene 
l , l , l -T r i ch lo roe thane  
Tr ich loroe thylene  
Vinyl ch lo r ide  









































Molecular S ieve  5A 









Molecular Sieve 5A 
Porapak Q 
Porapak Q 





















































Sensi t i v i t y  
Div is ions /u l  







(see  Fig. 3-5 of Report)  
241537 




( see  Fig. 3-7 of Report)  
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Comparison o f  R e s  u l  ts 
Contaminant 
Acetone 
Ace t a I d  eh y de 
A l l y l  a lcohol  
Benzene 
Butene-1 
Carbon d i s u l f i d e  
1, 4-Dioxane 
E t h y l  acetate 
Ethylene d i c h l o r i d e  
Freon-11 
Methyl a l c o h o l  
Methy l e n e  c h l o r i d e  
N i t r i c  oxide 
Ni t rous  oxide  
S u l f u r  d ioxide  
Toluene 
Vinyl  c h l o r i d e  



















S e n s i  t i v i  t y  ( d i v i s  ion /@/  
1000 dvn/pN2 i n  a i r )  








































was noted  f o r  methanol and some o t h e r  compounds i n  t h e  ear l ier  s t u d i e s .  
carbon d i s u l f i d e ,  a p o s s i b l e  explana t ion  is  t h a t  t h e r e  is  a f i x e d  loss f o r  t h i s  
compound dur ing  t h e  a i r  p recu t  o p e r a t i o n ,  s i n c e  t h i s  compound desorbs from 
Porapak Q a t  r e l a t i v e l y  low temperatures .  However, t h e  deso rp t ion  temperature  
f o r  methanol from cha rcoa l  i s  r e l a t i v e l y  h igh  and a similar explana t ion  w i l l  
n o t  ho ld .  
t i o n  on t h e  s o r b e n t ,  since i t  i s  observed f o r  a l coho l s  on Porapak Q which is  
known n o t  t o  r e t a i n  a l c o h o l s  very s t r o n g l y .  I t  may b e  due t o  t h e  p r e f e r e n t i a l  
adso rp t ion  of a l coho l s  on t h e  walls of  t h e  Tedlar  bag du r ing  t h e  p repa ra t ion  of 
t h e  sample. The water con ten t  of samples prepared i n  t h e  bags i s  always h igh .  
Whatever t h e  reason f o r  t h i s  e f f e c t ,  i t  c u r r e n t l y  limits d e t e c t i o n  of t h e s e  
compounds t o  concen t r a t ions  g r e a t e r  than  one p a r t  p e r  m i l l i o n .  For o t h e r  com- 
pounds, t he  r e s u l t s  appear  t o  b e  l i n e a r  down t o  t h e  lowes t  concen t r a t ions  t e s t e d  
wi th in  t h e  l i m i t s  of r e p r o d u c i b i l i t y .  
For 
It  a l s o  seems u n l i k e l y  t h a t  t h e  e f f e c t  i s  due t o  i r r e v e r s i b l e  absorp- 
The s e n s i t i v i t i e s  measured wi th  t h e  accumulation technique fol low t h e  same o rde r  
as the  mass spectral  s e n s i t i v i t i e s  except  f o r  t h e  a l coho l s  and t h e  s u l f u r  com- 
pounds which appear low (See Table  2-1).  This  confirms t h e  observa t ion  t h a t  t h e r e  
appears  t o  b e  some l o s s  occur ing  i n  t h e  process  f o r  t hese  compounds. Freon-11 
and ace tone  a l s o  appear  low i n  t h i s  comparison, b u t  i t  is  assumed t h a t  t h i s  i s  
the  r e s u l t  of l o s s e s  i n  the  p recu t  ope ra t ion .  This c o r r e l a t i o n  of s e n s i t i v i t i e s  
is  u s e f u l  i n  t h a t  an  estimate of t h e  s e n s i t i v i t y  can be  made from publ ished mass 
spectral  d a t a  f o r  compounds f o r  which t h e  Contaminant Sensor has  n o t  been 
c a l i b r a t e d ,  
The o r d e r  of deso rp t ion  from Porapak Q i s  similar t o  t h e  e l u t i o n  order  observed 
f o r  t h e s e  compounds i n  gas chromatography. Within a given class of components, 
t h e  deso rp t ion  temperatures  are i n  t h e  same o rde r  as t h e  b o i l i n g  p o i n t s .  Table  
3-3 shows t h e  deso rp t ion  o rde r  i n  t h e  va r ious  chemical c l a s s e s .  Alcohols gener- 
a l l y  have lower deso rp t ion  temperatures  than would be expected on t h e  b a s i s  of 
t h e i r  b o i l i n g  p o i n t  i n  comparison t o  o t h e r  types of compounds. However, H o l l i s  
has  poin ted  out  t h a t  t h e  s o l u b i l i t y  of a compound i n  t h e  Porapak polymer is  an 
impor tan t  f a c t o r  i n  determining i t s  gas chromatographic r e t e n t i o n  t i m e .  The 
r e l a t i v e l y  low deso rp t ion  temperatures  and r e t e n t i o n  t i m e s  of a l coho l s ,  and i n  
p a r t i c u l a r ,  e thy lene  g l y c o l  are a t t r i b u t e d  t o  t h e i r  low s o l u b i l i t y  i n  t h e  polymer. 
(1) 
Compounds t e s t e d  on cha rcoa l  are l i s t e d  i n  o r d e r  of deso rp t ion  temperature  i n  
Table 3-4. Those compounds which are not  r e t a i n e d  on cha rcoa l  are determined 
on Molecular Sieve 5A. 
compounds t e s t e d  on Molecular S i eve  -- v iny l idene  f l u o r i d e ,  e thy lene ,  n i t r o u s  
oxide,  and n i t r i c  oxide.  
Desorpt ion occurs  over  a wide tempera ture  range f o r  t h e  
I n  gene ra l ,  i t  i s  found t h a t  compounds which desorb a t  h igh  temperatures  from 
cha rcoa l  (e .g . ,  ace tone ) ,  desorb a t  low temperatures  from Porapak Q. Butane 
and e t h y l  a l coho l ,  however, desorb a t  too  high a temperature  from charcoa l  f o r  
d e t e c t i o n  and are l o s t  i n  t h e  air  p recu t  from Porapak Q. 
Mixtures  prepared w i t h  methyl mercaptan y i e lded  a mass spectrum corresponding 
t o  dimethyl  d i s u l f i d e  which desorbed s t a r t i n g  a t  about  210°C from charcoa l .  
Presumably ox ida t ion  of  t h e  mercaptan occurred  i n  the  c e l l .  Di-isopropyl 
d i s u l f i d e  was observed as an impuri ty  i n  propyl  mercaptan. It desorbs a t  high 
temperatures  from Porapak Q. 
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TABLE 3-3 
Desorpt ion According t o  Chemical Class from Porapak Q 
Chemical Class 
Alcoho 1s 
Is o pro py 1 
n-Pr opyl 
A l l y l  
2-Methoxyethanol 
Ethylene g l y c o l  
Buty l  








Ethyl  formate 
Methyl acetate 
E thy l  acetate 
Methyl b u t y r a t e  
Butyl  acetate 
Halogenated Compounds 
Fr eon-1 1 
Methylene c h l o r i d e  
Chloroform 
Ethylene d i c h l o r i d e  
l , l , l - T r i c h l w o e t h a n e  




Methyl e t h y l  ke tone  






























B o i l i n g  Gas 
Poin t  ("C) Chromatograph 


































*Time f o r  e l u t i o n  from a 6 '  x 3/16" column a t  157OC; hel ium flow r a t e  
50 cc helium. 
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TABLE 3-4 
Desorpt ion Order on Charcoal 
Compound 
Vinyl  c h l a r i d e  
Acetaldehyde 
Butene-1 
I s o b u t y l e n e  
Methylene c h l o r i d e  























Attempts t o  d e t e c t  formic,  acetic,  and propionic  a c i d s  were unsuccessfu l ;  
t h i s  may b e  due t o  r e t e n t i o n  of t h e s e  a c i d s  i n  t h e  water f i l m  b e l i e v e d  t o  e x i s t  
on t h e  walls of  t h e  sample bags .  
a c i d  was d e t e c t e d  on Porapak Q i n  a mixture  of  ace ta ldehyde  i n  a i r  which had 
oxid ized .  
I n  t h e  ear l ier  test program (NAS1-7266), acet ic  
F u r t h e r  tests wi th  t h e  pal ladium c h a r c o a l  s o r b e n t  c e l l  f o r  t h e  de te rmina t ion  
of carbon monoxide were performed, R e s u l t s  ob ta ined  are similar t o  those  
descr ibed  i n  t h e  ear l ier  program. However, a t tempts  t o  d e t e c t  lower concen- 
t r a t i o n s  (less t h a n  10 ppm) were unsuccessfu l .  This  i s  a t t r i b u t e d  t o  t h e  
f a c t  t h a t  a t  low c o n c e n t r a t i o n s  o r  low t o t a l  amounts of  carbon monoxide 
sorbed,  t h e  carbon monoxide d e s o r p t i o n  peak s h i f t s  t o  h i g h e r  temperatures  
and i s  l o s t  i n  t h e  blank value, which ipcreases a t  t h e  h igh  temperature  end of 
t h e  run.  
28 peak f o r  a b lank  ( c y l i n d e r  a i r  sample) ,  and two d i f f e r e n t  concent ra t ions  of 
carbon monoxide. The behavior  of o t h e r  major peaks i n  t h e  d e s o r p t i o n  s p e c t r a  
i s  shown i n  F igure  3-31, The lower l i m i t  f o r  carbon monoxide by t h i s  tech- 
nique thus appears  t o  b e  about 10 ppm, based on t h e  vendor ' s  a n a l y s i s  of t h e  
test gas sample. This  a n a l y s i s  was confirmed by d i r e c t  a n a l y s i s  of t h e  t es t  
gas mixture  i n  our  ins t rument ,  b u t  an independent  a n a l y s i s  by gas chromato- 
graphy y i e l d e d  a c o n c e n t r a t i o n  about  2.5 times h i g h e r .  I f  t h e  l a t t e r  a n a l y s i s  
i s  c o r r e c t ,  t h e  lower l i m i t  f o r  carbon monoxide d e t e c t i o n  would b e  about  25 ppm, 
This  p o i n t  i s  i l l u s t r a t e d  i n  F i g u r e  3-30, which shows t h e  m / e  
3- 6 
With t h e  pal ladium charcoa l  so rben t ,  i t  has  been p o s s i b l e  t o  demonstrate  t h a t  
carbon monoxide can b e  e x t r a c t e d  from a i r  samples,  and desorbed a t  temperatures  
below 25OoC. However, i n  many r e s p e c t s ,  t h i s  so rben t  i s  less than i d e a l .  There 
are d i s t i n c t  d i sadvantages  t o  us ing  a carbon-based sorbent  f o r  d e t e c t i o n  o f  
carbon monoxide. There are  too  many p o s s i b l e  r e a c t i o n s  with t h e  normal compo- 
nents  of a i r  samples t h a t  can l ead  t o  t h e  formation o r  d e s t r u c t i o n  of carbon . 
monoxide under t h e  deso rp t ion  condi t ions .  The major evidence t h a t  t h e  peak i n  
t h e  deso rp t ion  curve f o r  mass 28 is  due t o  deso rp t ion  of carbon monoxide is  
t h e  dependence on t h e  concen t r a t ion  o r  t h e  amount of carbon monoxide sorbed 
and t h e  f a c t  t h a t  t h e  carbon monoxide d e t e c t o r  shows t h a t  carbon monoxide i s  
sorbed and does not  pass  through t h e  ce l l .  While t h i s  is  s a t i s f a c t o r y  f o r  
exp lo ra to ry  experiments ,  more convincing evidence i s  r equ i r ed  f o r  complete 
confidence i n  t h e  a n a l y s i s  of carbon monoxide. Obtaining completely convincing 
evidence f o r  any a n a l y t i c a l  method involves  cons ide rab le  experimental  e f f o r t .  
Before under tak ing  such an e f f o r t ,  a more thorough tes t  program wi th  o t h e r  
s o r b e n t s  should b e  cons idered .  It appears  reasonable  t o  expect  t h a t  a b e t t e r  
so rben t  - one n o t  involv ing  carbon - can b e  found f o r  d e t e c t i n g  carbon monoxide, 
It should  b e  s imple r  t o  o b t a i n  the  suppor t ing  evidence r equ i r ed  t o  e s t a b l i s h  t h e  
a n a l y t i c a l  accuracy of such a so rben t  than  f o r  one conta in ing  carbon. 
Typica l  deso rp t ion  curves f o r  contaminant mixtures  are shown i n  F igures  3-32 t o  
Figure 3-36. These curves are  i l l u s t r a t i v e  of t h e  degree of s e p a r a t i o n  achieved.  
These mixtures  were chosen f o r  a n a l y s i s  because  t h e  deso rp t ion  c h a r a c t e r i s  t i cs  
and t h e  m a s s  s p e c t r a  of t h e  contaminants are s u f f i c i e n t l y  d i f f e r e n t  t h a t  t h e  
i n d i v i d u a l  components can b e  r e a d i l y  i d e n t i f i e d  and t h e i r  concen t r a t ion  
determined. The deso rp t ion  curves of one r a t h e r  complex mixture  i s  i l l u s t r a t e d  
i n  F igu re  3-37. The r educ t ion  of t h e  d a t a  t aken  dur ing  t h e  a n a l y s i s  of t h i s  
mixture  i s  presented  i n  Appendix A .  
The main peaks i n  the  mass s p e c t r a  of t h e  compounds which are sorbed  on Porapak Q 
are  shown i n  t h e  o r d e r  of i nc reas ing  d e s o r p t i o n  temperature  i n  Table  3-5. Since ,  
a t  b e s t ,  only a p a r t i a l  s e p a r a t i o n  of contaminants i s  achieved i n  t h e  deso rp t ion  
process ,  i t  is  obvious t h a t  ana lyses  of  t h e  mass s p e c t r a l  d a t a  can b e  a f a i r l y  
t ed ious  problem i f  a l l  t h e s e  compounds are p r e s e n t  i n  an  a i r  sample. 
There a r e  t h e o r e t i c a l  reasons f o r  expec t ing  t h a t  t he  s e p a r a t i o n  cannot be sub- 
s t a n t i a l l y  improved us ing  the  p re sen t  a n a l y t i c a l  technique.  I n  the  f i n a l  r e p o r t  
from the  f i r s t  s tudy  program, a t h e o r e t i c a l  peak shape c a l c u l a t e d  from the  equa- 
t i o n  d e s c r i b i n g  the  deso rp t ion  process  was shown. This c a l c u l a t i o n  showed t h a t  
the  deso rp t ion  curves a r e  about  50-60°C wide a t  h a l f  the  peak maximum. S imi la r  
c a l c u l a t i o n s  a r e  r epor t ed  i n  a paper by Cvetanovic '  and Amenomiya(2). 
r e s u l t s  show t h a t  narrow peaks (10°C) a r e  obtained only when the  energy involved 
i n  the  s o r p t i o n  process  i s  r e l a t i v e l y  h i g h ,  of the  order  of 80 kcal /mole.  Since 
s o r p t i o n  on Porapak Q may be regarded a s  a s o l u t i o n  phenomena, t he  a c t i v a t i o n  
ene rg ie s  a r e  expected t o  be low. Ca lcu la t ions  from gas chromatograph da ta  y i e l d  
a c t i v a t i o n  ene rg ie s  of the  order  of 10 kcal/mole f o r  s o r p t i o n  of a romat ics  on 
Porapak Q. The s o r p t i o n  processes  on cha rcoa l  a r e  expected t o  be d i f f e r e n t  than 
those  on Porapak bu t  t he  compounds sorbed on charcoa l  show approximately the  
same peak shape on deso rp t ion ,  and i t  i s  concluded,  t h e r e f o r e ,  t h a t  t he  ene rg ie s  
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I n t u i t i v e l y ,  one would expect  t h a t  compounds which are sorbed wi th  very high 
h e a t s  of s o r p t i o n  would have high temperatures  f o r  d e s o r p t i o n ,  b u t  i d e a l l y  
t o  o b t a i n  narrow d e s o r p t i o n  peaks,  i t  would b e  d e s i r a b l e  t o  have contaminants 
which desorb a t  about  100°C w i t h  an energy of 80 kcal /mole.  
c h a r a c t e r i s t i c s  could o n l y  b e  expected f o r  r a t h e r  selective s o r p t i o n  processes ,  
and cons ider ing  t h e  broad range o f  types of  compounds which are of i n t e r e s t  i n  
t h i s  program, i t  does n o t  appear f e a s i b l e  t o  i n v e s t i g a t e  such select ive s o r b e n t s  
f o r  each type  of  compound. There are,  of course,  o t h e r  techniques which could 
b e  s t u d i e d  as a means of  o b t a i n i n g  b e t t e r  s e p a r a t i o n  of components dur ing  t h e  
d e s o r p t i o n  processes  , i f  t h i s  i s  r e q u i r e d .  
Such d e s o r p t i o n  
One a l t e r n a t i v e ,  which appears  a t t rac t ive  is t o  u s e  low v o l t a g e  i o n i z a t i o n  as a 
means o f  s i m p l i f y i n g  t h e  mass s p e c t r a l  p a t t e r n s .  Some measure of  t h e  s i m p l i f i -  
c a t i o n  which can b e  obta ined  is  shown i n  Table  3 - 6 .  This  t a b l e  shows t h e  mass 
s p e c t r a  obta ined  a t  approximately 1 6  ev wi th  t h e  c y c l o i d a l  focusing instrument .  
The r e d u c t i o n  i n  t h e  number of fragment i o n s  i s  apparent  on i n s p e c t i o n .  Of t h e  
31 compounds on t h i s  t a b l e  f o r  which mass s p e c t r a l  d a t a  are a v a i l a b l e ,  1 7  can 
b e  determined from s i n g l e  mass number measurements. 
v o l t a g e  d a t a ,  only 9 of  t h e  compounds can b e  a s s o c i a t e d  w i t h  a s i n g l e  mass 
number. A comparison f o r  t h e  components t e s t e d  on c h a r c o a l  i s  shown i n  Table 3-7.  
I n  c o n t r a s t  wi th  t h e  h i g h  
These s p e c t r a  do n o t  r e p r e s e n t  t h e  optimum which can b e  achieved by t h e  low 
v o l t a g e  technique.  The l i m i t a t i o n s  o f  t h e  ins t rument  do n o t  permi t  s p e c t r a  t o  
b e  obta ined  a t  lower i o n i z a t i o n  e n e r g i e s .  However, i f  t h e  energy of t h e  i o n i z i n g  
e l e c t r o n s  i s  reduced t o  v a l u e s  n e a r e r  t h e  i o n i z a t i o n  p o t e n t i a l ,  even g r e a t e r  
s i m p l i f i c a t i o n  could b e  achieved. 
The major d i sadvantage  t o  low v o l t a g e  i o n i z a t i o n  is t h e  l o s s  of s e n s i t i v i t y  due 
t o  t h e  decreased i o n i z a t i o n  e f f i c i e n c y .  A t  t h e  low energy employed i n  o b t a i n i n g  
t h e  s p e c t r a  presented  i n  t h i s  r e p o r t ,  t h e  s e n s i t i v i t y  5 s  decreased on t h e  average 
by a f a c t o r  of t e n .  Those compounds which have t h e  h i g h e s t  i o n i z a t i o n  p o t e n t i a l s  
show t h e  g r e a t e s t  l o s s  o f  s e n s i t i v i t y ,  and i t  can b e  expected t h a t  i f  s t i l l  
lower e l e c t r o n  e n e r g i e s  are used, t h e  s e n s i t i v i t y  may decrease  by two o r d e r s  
of magnitude, f o r  some compounds. This  l o s s  i n  s e n s i t i v i t y  can b e  p a r t i a l l y  
overcome by changing t h e  d e s i g n  of t h e  system, and i n c r e a s i n g  t h e  sample s i z e  
s o  t h a t  h i g h e r  p r e s s u r e s  are obta ined  i n  t h e  i o n  source  d u r i n g  t h e  desorp t ion  
process .  I n  t h e  p r e s e n t  system, a t  t h e  lower contaminant concent ra t ions  , pres-  
s u r e s  i n  t h e  i o n  s o u r c e  are es t imated  t 
s o u r c e  p r e s s u r e  can b e  i n c r e a s e d  t o  lo-' t o r r  wi thout  s e r i o u s l y  degrading t h e  
performance of  t h e  ins t rument  a t  low v o l t a g e  so  t h a t  t h e  l o s s  of e f f i c i e n c y  can 
b e ,  t o  some e x t e n t ,  overcome. 
b e  i n  t h e  range of  10-6 t o r r .  The 
The optimum o p e r a t i n g  condi t ions  f o r  a n a l y s i s  of contaminants on-board a space- 
c r a f t  must, t o  a c e r t a i n  e x t e n t ,  b e  determined by  t h e  a c t u a l  contaminat ion 
problem encountered. A t  p r e s e n t ,  i t  is assumed t h a t  t h e r e  may b e  a g e n e r a l ,  
very  low background level  c o n c e n t r a t i o n  of  many contaminants i n  t h e  s p a c e c r a f t  
a t  a l l  t i m e s .  Contaminants of i n t e r e s t  f o r  a n a l y s i s  are those which exceed 
t h i s  background level by one o r  two o r d e r s  of magnitude, perhaps i n  t h e  range 
of 0.5 t o  1.0 ppm concent ra t ion .  I t  i s  expected t h a t  (depending on environ- 
mental  f a c t o r s )  t h i s  w i l l  occur f o r  only a few contaminants a t  any p a r t i c u l a r  
3-13  
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t i m e .  
cond i t ions  should prove s a t i s f a c t o r y .  However, i f  it appears  t h a t  many contam- 
i n a n t s  w i l l  b e  p re sen t  s imultaneously i n  a concen t r a t ion  range t h a t  represents 
a hazardous cond i t ion ,  u se  of  s i m p l i f i c a t i o n  a f fo rded  by low v o l t a g e  i o n i z a t i o n  
w i l l  b e  r equ i r ed .  
I f  t h i s  s i t u a t i o n  is  a c t u a l l y  encountered, a n a l y s i s  under normal (70 v o l t )  
I n  summary, t h i s  a n a l y t i c a l  t echnique  appears  t o  b e  w e l l  s u i t e d  f o r  a p p l i c a t i o n  
t o  t h e  a n a l y s i s  of contaminants i n  s p a c e c r a f t  atmospheres.  The b a s i c  p r i n c i p l e s  
involved are s imple ,  and t h e  in s t rumen ta t ion  r equ i r ed  probably r e p r e s e n t s  t h e  
minimum necessary f o r  i d e n t i f i c a t i o n  and q u a n t i t a t i v e  de te rmina t ion  of t he  
a n t i c i p a t e d  v a r i e t y  of contaminants.  The system h a s  t h e  c a p a b i l i t y  f o r  d e t e c t i n g  
unan t i c ipa t ed  contaminants and can provide  an  estimate of t h i s  concen t r a t ion .  
Development of a f l i g h t  p ro to type  mass spec t rometer  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n  
is  a l r eady  w e l l  under way. Design of a f l i g h t  p ro to type  contaminant s enso r  i s  
t h e  l o g i c a l  ex tens ion  of t h i s  s tudy  program. 
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4. TEST RESULTS WITH CONTAMINANT SENSOR I1 
The second Laboratory Contaminant Sensor i s  e s s e n t i a l l y  t h e  same des ign  as t h e  
o r i g i n a l  u n i t ,  except  some mod i f i ca t ions  were made i n  the  i n l e t  system geometry 
t o  accommodate i t  t o  t h e  conf igu ra t ion  of t h e  second CEC 21-621 mass spec t rometer .  
A schematic  of t h e  new system i s  shown i n  F igu re  4-1 and a photograph i n  Fig- 
u r e  4-2. The valves shown i n  t h e  schematic  are a l l  mounted on t h e  r eces sed  
panel  (shown i n  t h e  photograph) except  f o r  t h e  sample flow c o n t r o l  va lve  which 
is l o c a t e d  behind t h e  pane l .  A complete d e s c r i p t i o n  of t h e  system is  provided 
i n  thse System I1 Operat ions and Maintenance Manual. 
Four accumulator cel ls ;  Porapak Q ,  Charcoal ,  Molecular S ieve  5A and Palladium- 
Charcoal,  are provided wi th  t h e  system. 
The Porapak Q, Molecular S ieve ,  and Palladium-Charcoal cel ls  are s h o r t e r  than  
those  prev ious ly  used,  f o r  convenience i n  a t t a c h i n g  them t o  t h e  i n l e t  system. 
They con ta in  t h e  same amount of so rben t  as t h e  cells  t e s t e d  wi th  t h e  earlier 
ins t rument ,  and test  r e s u l t s  with t h e  Porapak Q and Molecular S i eve  ce l l s  
i n d i c a t e  t h a t  t h e  s m a l l  change i n  geometry does n o t  a f f e c t  performance. 
These ce l l s  are descr ibed  i n  Table  4-1. 
TABLE 4-1 
Sorbent  C e l l s  System I1 
C e l l  Geometry Weight of  
Sorbent  (meg) 
Po.rapak Q 2.1" x 3/8" x 0.042'' 785 
Charcoal  2 x 3/8" x 0.065" 6 70 
Molecular S i eve  5A 2.85'' x 3/8" x 0.042" 252000 
Palladium charcoa l  2.85" x 3/8" x 0.042" 1400 
Af te r  i n i t i a l  s t a r t u p  and pump down of t h e  mass spec t rometer  and i n l e t  system, 
t h e  s e n s i t i v i t y  of t h e  new instrument  t o  a i r  w a s  determined f o r  comparison wi th  
t h e  o r i g i n a l  ins t rument .  The s e n s i t i v i t y  of t h e  new system, as measured by t h e  
ion  c u r r e n t  produced f o r  a given p r e s s u r e  of  a i r  i n  t h e  i n l e t  system, was lower 
by about  a f a c t o r  of f i v e .  It was b e l i e v e d  t h a t  t h i s  d i f f e r e n c e  was due mainly 
t o  d i f f e r e n c e s  i n  conductance of  t h e  gold l e a k s ,  a l though t h i s  could n o t  b e  
v e r i f i e d  from t h e  p r e s s u r e  readings  obta ined  from t h e  i o n i z a t i o n  guage i n  t h e  
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i n  t h e  o l d  system was about  t h r e e  times as f a s t  as t h a t  i n  t h e  new ins t rument .  
I n  o rde r  t o  determine t h a t  t h e  d i f f e r e n c e  was due t o  t h e  l e a k s ,  t h e  h igh  con- 
ductance l e a k  from t h e  o l d  system was  i n s t a l l e d  i n  t h e  new u n i t .  
of t h e  new ins t rument  w i t h  t h i s  l eak  was comparable t o  t h a t  of t h e  o l d e r  u n i t .  
The S e n s i t i v i t y  
This  h igh  conductance l e a k ,  one which was a v a i l a b l e  a t  Perkin-Elmer Aerospace 
Systems, was i n s t a l l e d  i n  t h e  Contaminant Sensor nea r  t h e  end of t h e  previous 
development program. The conductance of t he  l eak  i s  a f a c t o r  i n  e s t a b l i s h i n g  
the  lower l i m i t s  of contaminants t h a t  can be de t ec t ed .  Use of the  s tandard  
s ix-hole  leaks  f o r  t h i s  ins t rument  w i l l  dec rease  t h e  d e t e c t a b i l i t y  by a f a c t o r  
of t h r e e  t o  f i v e .  A s t anda rd  two-hole l e a k  is  a v a i l a b l e  which has  a conductance 
s i x  times t h a t  of t h e  s t anda rd  s ix-hole  l e a k  (0.15 cc/seconds ve r sus  0.025 cc/sec-  
ond) .  
same s e n s i t i v i t y  f o r  d e t e c t i o n  of contaminants.  I f  t h i s  l eak  i s  used,  however, 
a i r  p recu t  t i m e  may need t o  b e  inc reased  i n  o r d e r  t o  avoid excess ive  p re s su res  
i n  t h e  i o n  source .  
Use of  t h i s  l e a k  wi th  smaller contaminant samples should r e s u l t  i n  t h e  
Funct ioning of t h e  e n t i r e  contaminant s enso r  system w a s  t e s t e d  us ing  t h e  new 
accumulator cel ls  and t e s t  mixtures  of contaminants f o r  which s e n s i t i v i t i e s  had 
been e s t a b l i s h e d  f o r  t h e  o l d  system. C a l i b r a t i o n  curves f o r  t h e s e  contaminants 
are shown i n  F igures  4-3  t o  4-8 ,  a t  the  end of t h i s  s e c t i o n .  The c a l i b r a t i o n  
d a t a  are summarized i n  Table  4 - 2 .  Resu l t s  f o r  contaminants sorbed on t h e  Porapak 
Q c e l l  and t h e  cha rcoa l  c e l l  a g r e e  f a i r l y  w e l l  w i th  those  obta ined  on t h e  o l d e r  
system. The va lues  l i s t e d  i n  Table  4-2 may b e  compared t o  those  l i s t e d  i n  
Table  3 - 1 ,  by d i v i d i n g  t h e  s e n s i t i v i t y  of t h e  l a t te r  by 1.25,  s i n c e  t h e  new 
system d a t a  are  r e fe renced  t o  pu re  n i t r o g e n  wh i l e  t hose  f o r  t h e  o l d  system 
are referenced  t o  n i t r o g e n  i n  a i r .  (Nitrogen was chosen as a r e f e r e n c e  gas f o r  
t h e  new system because  oxygen/ni t rogen r a t i o  f o r  a i r  was i n i t i a l l y  low f o r  
t h e  new system. (No exp lana t ion  i s  immediately a v a i l a b l e  f o r  t h i s  behavior .  
Af t e r  t h e  system is condi t ioned  t o  a i r ,  i t  y i e l d s  normal v a l u e s . )  For Porapak Q 
on ly  t h e  to luene  da ta  appear  t o  be s i g n i f i c a n t l y  d i f f e r e n t  f o r  the  new system. 
The d a t a  obtained f o r  e thy lene  and n i t r o u s  oxide  on t h e  Molecular Sieve c e l l  and 
carbon monoxide on t h e  pal ladium-charcoal  ce l l  i n d i c a t e  a h i g h e r  s e n s i t i v i t y  f o r  
t h e  new cel ls  than f o r  t h e  o l d  system. However, t h e  d a t a  ob ta ined  f o r  t h e s e  
ce l l s  i s  very l i m i t e d  and f u r t h e r  tests should b e  performed wi th  these  c e l l s  
b e f o r e  t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  can b e  v e r i f i e d .  
ce l l  appears  t o  be  more a c t i v e  f o r  r e t e n t i o n  of carbon d iox ide  than  t h e  o l d  c e l l .  
It i s  expected t h a t  with f u r t h e r  u s e  t h i s  w i l l  change. 
The Molecular S ieve  
Considerable  d i f f i c u l t y  was experienced i n  p repa r ing  t h e  pal ladium-charcoal  c e l l .  
Valves and f i t t i n g s  t h a t  were i n i t i a l l y  vacuum t i g h t  developed l e a k s  on hea t ing  
t h e  ce l l .  It  was necessary  t o  assemble t h e  ce l l  several t i m e s  b e f o r e  i t  was 
l e a k  t i g h t ,  and t h e  n i t r o g e n  background was s u f f i c i e n t l y  low t o  permit  t h e  
carbon monoxide de te rmina t ion .  During t h i s  i n t e r v a l ,  t h e  so rben t  appa ren t ly  
l o s t  some of its c a p a b i l i t y  f o r  r e t e n t i o n  of carbon monoxide. The so rben t  was 
r ep laced  with a new ba tch  of palladium-charcoal and t h e  c e l l  i s  s h i f t e d  about 
































































































a l s o  y i e l d e d  a h i g h e r  deso rp t ion  temperature  f o r  carbon monoxide, and t h i s ,  
combined wi th  the  f a c t  t h a t  t h e  s e n s i t i v i t y  i s  inc reased ,  sugges ts  t h a t  t h e  pump- 
ing  speed through t h e  meter ing va lve  is lower on the  new system. However, i t  
would b e  expected t h a t  t h e  deso rp t ion  temperatures  f o r  o t h e r  cel ls  would b e  
a f f e c t e d  i n  t h e  same way, and t h i s  does n o t  appear t o  b e  t h e  case. 
d a t a  obta ined  wi th  t h e  new ce l l  w a s  n e c e s s a r i l y  l i m i t e d  because  of t he  i n i t i a l  
c e l l  problems; i t  i s  necessary  t o  o b t a i n  more informat ion  about  t h i s  e f f e c t  be fo re  
i t  can b e  completely understood.  Desorpt ion curves f o r  carbon monoxide on t h e  new 
system are shown i n  F igure  4-9. 
The test  
I n  summary, the  test r e su l t s  wi th  t h e  new system show t h a t  f o r  most contaminants 
t h e  informat ion  on s e n s i t i v i t y  and deso rp t ion  temperature  ob ta ined  w i t h  t h e  
earlier sensor  is  a p p l i c a b l e .  The d a t a  presented  i n  Table  3-1 can b e  used i n  
con junc t ion  wi th  t h e  measured s e n s i t i v i t y  t o  n i t r o g e n  o r  a i r  ( a s  descr ibed  i n  
Sec t ion  2)  t o  o b t a i n  approximate contaminant concen t r a t ions .  I f  more a c c u r a t e  
s t anda rds  f o r  contaminant a i r  mixtures  are a v a i l a b l e ,  i t  would b e  advantageous 
t o  c a l i b r a t e  t h e  system w i t h  t h e s e  s t anda rds  f o r  b e s t  performance. 
4-  6 
BENZENE VOLUME (pa. AT NTP) 
FIGURE 4-3 
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Resu l t s  of t h i s  test program w i t h  t h e  Laboratory Contaminant Sensor show t h a t  
i t  is  p o s s i b l e ,  u s ing  so rben t  ce l l s  con ta in ing  Porapak Q ,  cha rcoa l ,  and 
Molecular S ieve  5A t o  extract  a wide v a r i e t y  of contaminants from a i r  samples 
and t o  e f f e c t i v e l y  concen t r a t e  them f o r  q u a n t i t a t i v e  de te rmina t ion  by mass 
s p e c t r a l  a n a l y s i s .  The mass s p e c t r a  i n t e n s i t y  a t  t h e  maximum observed i n  t h e  
deso rp t ion  curve appears  t o  be  l i n e a r l y  r e l a t e d  t o  t h e  amount of compound 
sorbed.  
one p a r t  p e r  m i l l i o n  f o r  many compounds. 
a l c o h o l s  and some s u l f u r  compounds, t h e r e  appears  t o  be  some l o s s  i n  t h e  system 
s o  t h a t  t he  l i n e a r  r e l a t i o n s h i p  f a i l s  a t  concen t r a t ions  of t h e  o rde r  of one 
t o  two p a r t s  p e r  m i l l i o n .  
This  l i n e a r  r e l a t i o n s h i p  ho lds  down t o  concen t r a t ions  of less than 
For c e r t a i n  compounds, no tab ly  t h e  
The e r r o r  of t h e  o v e r a l l  p rocess  of p repa r ing  samples  and ana lyz ing  them wi th  t h e  
Laboratory '  Contaminant Sensor w a s  es t imated  by c a l c u l a t i n g  t h e  s t anda rd  d e v i a t i o n  
of t h e  i n d i v i d u a l  s e n s i t i v i t y  measurements f o r  each compound. The s tandard  devia- 
t i o n  i s  about twenty-five pe rcen t  of t h e  measured v a l u e ,  on t h e  average.  
Contaminants are i d e n t i f i e d  by t h e i r  mass s p e c t r a l  p a t t e r n s  and t o  a c e r t a i n  
e x t e n t  by t h e i r  deso rp t ion  c h a r a c t e r i s t i c s .  For s imple contaminant mixtures ,  
t h e  va r ious  components can be  i d e n t i f i e d  u s u a l l y  by r e fe rence  t o  t h e  mass 
s p e c t r a l  p a t t e r n s  a lone .  I n  mixtures  con ta in ing  many contaminants ,  t h e  mass 
s p e c t r a  of t h e  mixture  must be  i n t e r p r e t e d  i n  conjunct ion  wi th  t h e  deso rp t ion  
c h a r a c t e r i s t i c s  of t h e  va r ious  compounds. Low v o l t a g e  i o n i z a t i o n  has  p o t e n t i a l  
u s e  i n  s impl i fy ing  t h e  a n a l y s i s  of complex mixtures .  
The second Laboratory Contaminant Sensor developed dur ing  t h i s  program was 
t e s t e d  wi th  a r e p r e s e n t a t i v e  s e l e c t i o n  of compounds and appears  t o  func t ion  i n  a 
manner very similar t o  t h e  f i r s t  u n i t .  
new systems i n d i c a t e s  t h e  a n a l y t i c a l  t echnique  appears  w e l l  s u i t e d  f o r  t h e  
a n a l y s i s  of contaminants i n  l a b o r a t o r y  environments and r e a d i l y  adap tab le  t o  t h e  
on-board a n a l y s i s  of contaminants i n  s p a c e c r a f t .  
Comparison of test r e s u l t s  on the  o ld  and 
5-1 
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CONTAMINANT MIXTURE ANALYSIS 
The d a t a  genera ted  by t h e  Laboratory Contaminant Sensor  - mass s p e c t r a  of desorbing 
contaminants a s  a f u n c t i o n  of d e s o r p t i o n  temperature  - r e q u i r e s  i n t e r p r e t a t i o n  i n  
o r d e r  t o  f u r n i s h  informat ion  concerning t h e  i d e n t i t y  and c o n c e n t r a t i o n  of con- 
taminants  i n  a sample. This  i n t e r p r e t a t i o n  may be  r e l a t i v e l y  s imple i f  only a 
few contaminants a r e  p r e s e n t  but  can become q u i t e  complex a s  t h e  number of con- 
taminants  i n c r e a s e s .  Although temperature  programming a f f o r d s  some degree of 
s e p a r a t i o n  between v a r i o u s  contaminants ,  t h i s  s e p a r a t i o n  i s  n o t  enough t o  permit 
t h e  mass spectrum a t  any p a r t i c u l a r  temperature  t o  be ass igned  t o  a s i n g l e  com- 
pound. Therefore ,  t h e  a n a l y s i s  of t h e  d a t a  i s  e s s e n t i a l l y  t h e  t a s k  of i n t e r -  
p r e t i n g  mass s p e c t r a  of a mixture  of organic  compounds, which i s  changing i n  
composition a s  t h e  accumulator c e l l  temperature  i n c r e a s e s .  The behavior  of a 
p a r t i c u l a r  mass number o r  se t  of mass numbers throughout t h e  temperature  pro- 
gram i s  of some u s e  i n  t h e  i n t e r p r e t a t i o n ,  b u t  t h e  d e s o r p t i o n  p a t t e r n  may become 
obscure i f  a l a r g e  number of compounds a r e  involved.  F igures  3-32 and 3-36 show 
t y p i c a l  d e s o r p t i o n  curves  f o r  prepared mixtures  of contaminants .  
The i n t e r p r e t a t i o n  of mass s p e c t r a  of a n  unknown compound o r  mixture  of compounds 
u s u a l l y  s t a r t s  w i t h  t h e  h igh  mass end of t h e  spectrum, by a s s i g n i n g  molecular 
formulas t o  t h e  most i n t e n s e  peak. I f  i t  i s  known t h a t  only a s i n g l e  compound 
i s  p r e s e n t ,  t h e  c o r r e c t n e s s  of t h e  ass igned  molecular  formula ( o r  compound) can 
be v e r i f i e d  by examination of t h e  d i s t r i b u t i o n  of fragment i o n s .  C e r t a i n  f r a g -  
ments w i l l  be c o n s i s t e n t  w i t h  one compound but  n o t  w i t h  a n o t h e r .  I f  a mixture  
of compounds i s  p r e s e n t ,  t h e  choice  between two assignments may be less clear- 
c u t  because of t h e  presence of p a r e n t  and fragment i o n s  from o t h e r  components 
i n  t h e  mixture .  Only by c o r r e c t l y  i d e n t i f y i n g  a l l  t h e  components can  t h e  mass 
spectrum of  t h e  mixture  be  reso lved .  Catalogs of mass s p e c t r a  of numerous com- 
pounds a r e  a v a i l a b l e ( 3 )  a s  a n  a i d  i n  i n t e r p r e t a t i o n  o f  mass s p e c t r a l  d a t a .  Any 
o t h e r  in format ion  t h a t  i s  a v a i l a b l e  about  t h e  n a t u r e  o r  o r i g i n  of t h e  sample 
can ,  of  c o u r s e ,  be of a s s i s t a n c e  i n  t h e  a n a l y s i s .  
The a n a l y s i s  of t y p i c a l  mass s p e c t r a l  da t a  genera ted  by t h e  Laboratory Contaminant 
Sensor i s  i l l u s t r a t e d  i n  t h e  fo l lowing  paragraphs.  The mass s p e c t r a l  d a t a  obtained 
on d e s o r p t i o n  f o r  t h i s  p a r t i c u l a r  sample i s  shown i n  Table A - 1 . J c  The headings a t  
t h e  top  of t h e  column show t h e  temperature  a t  which t h e  mass s c a n  was s t a r t e d  and 
t h e  p r e s s u r e  i n  t h e  i n l e t  system a s  i n d i c a t e d  by a thermocouple gauge. The d a t a  
f o r  masses 12 through 18 have been omit ted from t h e  t a b l e ,  a s  w e l l  a s  t h e  da t a  
f o r  mass 28 and 32 which a r e  due mainly t o  a i r  i n  t h e  system. 
i n s p e c t i o n  of t h e  d a t a  shows t h a t  most of t h e  mass numbers reach  t h e i r  maximum 
a t  temperatures  i n  t h e  range from 130°C t o  150°C. 
A p r e l i m i n a r y  
Also i t  may be noted t h a t  t h e  
J c A l l  t a b l e s  f o r  t h i s  Appendix a r e  included fo l lowing  t h e  t e x t .  
A - 1  
most i n t e n s e  peak i s  t h a t  a t  m / e  4 3 ,  which may be ass igned  t o  t h e  fragment i o n s  
CB3CO o r  C3H7. 
a c e t i c  a c i d  es ters ,  w h i l e  t h e  C3H7 group i s  prominent i n  t h e  s p e c t r a  of many 
a l k a n e s .  The h i g h e s t  mass numbers i n  t h e  s p e c t r a  are 130, 132 ,  and 134. 
The a c e t y l  fragment i s  c h a r a c t e r i s t i c  of methyl ketones o r  
Consider ing t h e  spectrum obtained a t  54"C, t h e  h i g h e s t  mass number observed i s  
m / e  88, which i s  accompanied by mass numbers 86 and 84. 
peaks s u g g e s t s  a compound conta in ing  two c h l o r i n e  atoms. Assuming t h a t  mass 84 
i s  t h e  p a r e n t  mass (masses 86 and 88 a r e  i s o t o p e  peaks) ,  t h e  d i f f e r e n c e  between 
84 and 70 should be r e p r e s e n t a t i v e  of t h e  res t  of t h e  compound, and t h i s  can  be 
immediately recognized a s  CH2C12, methylene c h l o r i d e .  
correspond t o  t h e  fragment i o n s  CHzC135 and CH2C137. 
trum i s  c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n ;  some of t h e  less i n t e n s e  peaks a r e  
probably due t o  o t h e r  compounds but  t h e y  cannot  be i d e n t i f i e d  a t  p r e s e n t .  Fol -  
lowing m / e  84 and 49 a c r o s s  Table A - 1 ,  i t  can  be seen  t h a t  t h e y  reach  a maximum 
t o g e t h e r  i n  t h e  107°C scan .  This i s  c o n s i s t e n t  w i t h  t h e  known d e s o r p t i o n  char -  
a c t e r i s t i c s  of methylene c h l o r i d e  (see Table  3 -5 ) .  It i s  a l s o  noted t h a t  t h e  
temperature  maximum of m / e  47 (CC1) does n o t  c o i n c i d e  w i t h  t h a t  of methylene 
c h l o r i d e ,  which sugges ts  t h e  presence of  some o t h e r  compound w i t h  a fragment 
i o n  a t  mass 47. Furthermore,  i t  may be noted  t h a t  t h e  r a t i o s  of m / e  84 t o  86, 
and 84 t o  88 change a s  t h e  temperature  i n c r e a s e s  above 107°C. 
t h e  presence of o t h e r  compounds w i t h  i o n s  a t  mass 86 and mass 88. 
The r a t i o  of t h e s e  t h r e e  
The peaks a t  49 and 51 
The remainder of t h e  spec- 
This i n d i c a t e s  
There i s  some d i s t o r t i o n  i n  t h e  spectrum obta ined  dur ing  d e s o r p t i o n ,  s i n c e  the  
tempera ture ,  and hence t h e  p r e s s u r e  of t h e  desorb ing  contaminant,  changes dur ing  
t h e  mass s p e c t r a l  s c a n .  I n  t h e  i n i t i a l  p a r t  of t h e  d e s o r p t i o n ,  t h e  p r e s s u r e  i s  
i n c r e a s i n g  a s  t h e  temperature  i n c r e a s e s  and h igher  mass numbers i n  a scan  a r e  . 
measured a t  a h igher  p r e s s u r e  r e l a t i v e  t o  t h e  lower mass numbers. Using a spec- 
trum of methylene c h l o r i d e  obtained a t  c o n s t a n t  p r e s s u r e  t o  c a l c u l a t e  t h e  i n t e n -  
s i t y  a t  mass 49 from t h e  mass 84 peak, f o r  example, w i l l  g i v e  too  h igh  a v a l u e  
f o r  m / e  49.  On t h e  average,  t h e  temperature  change t h a t  occurs ,  as t h e  mass 
spec t rometer  scans from m / e  12 t o  m / e  130, i s  about  11°C. The change i n  t e m -  
p e r a t u r e  from t h e  t i m e  m / e  49 i s  scanned u n t i l  m / e  84 i s  passed,  i s  about  2°C. 
The change i n  t h e  spectrum i s  es t imated  t o  be approximately 2% of t h e  maximum 
v a l u e  p e r  "C. 
i n  t h e  49 peak and t h i s  i s  observed. 
Thus a d iscrepancy  of about  40 d i v i s i o n s  (4% of 940 ) i s  expected 
Proceeding t o  t h e  next  scan  s t a r t i n g  a t  75°C (Table A - l ) ,  t h e  methylene c h l o r i d e  
s p e c t r a  i s  i n c r e a s i n g  i n  i n t e n s i t y ,  and peaks appear a t  masses 57 and 31. These 
l a t t e r  peaks a r e  too  c l o s e  t o  t h e  n o i s e  level t o  a t t a c h  any s i g n i f i c a n c e  t o  them 
a t  p r e s e n t .  
I n  t h e  scan  a t  107"C, new peaks appear a t  mass numbers 130, 132, and 134. From 
Table  3-5,  t h e s e  mass numbers can only be a t t r i b u t e d  t o  t r i c h l o r o e t h y l e n e .  
There a r e ,  of c o u r s e ,  a l a r g e  number of compounds which have fragment i o n s  i n  
t h i s  mass group. 
a h igh  mass number; t h i s  i s  be l ieved  t o  be t y p i c a l  of halogenated compounds on 
Porapak Q. 
range b u t  such compounds would be expected t o  have much h igher  d e s o r p t i o n  t e m -  
p e r a t u r e s .  
However, t h e  d e s o r p t i o n  temperature  i s  r e l a t i v e l y  low f o r  such .  
Many s u b s t i t u t e d  aromatic  compounds have fragment i o n s  i n  t h i s  mass 
Assuming t h e s e  peaks a r e  due t o  t r i c h l o r o e t h y l e n e ,  and r e p r e s e n t  t h e  
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star t  of t h e  deso rp t ion  of t r i c h l o r o e t h y l e n e ,  one expec t s  peaks a t  95, 97, and 
99 and a t  60, and t h e s e  peaks are p resen t .  
than expected f o r  t r i c h l o r o e t h y l e n e .  I f  t h e r e  are 10 d i v i s i o n s  a t  m / e  130 due 
t o  t r i c h l o r o e t h y l e n e  one would expect  t o  f i n d  about  10 d i v i s i o n s  o r  less a t  
m / e  95, depending on t h e  deso rp t ion  time. S ince  t h e r e  are 10  d i v i s i o n s  a t  m / e  
95, one expec ts  t o  f i n d  about  6 d i v i s i o n s  a t  m / e  97, b u t  i n s t e a d  t h e r e  are 15. 
About 9 d i v i s i o n s  of m / e  97 are due t o  some o t h e r  compound. 
t h i s  could be  due t o  l , l , l - t r i c h l o r o e t h a n e  o r  f u r f u r y l  a l coho l .  
f u r f u r y l  a l coho l  t h e r e  should b e  a peak a t  98, b u t  t h e r e  is  none,. So i t  can be  
t e n t a t i v e l y  concluded t h a t  t h e  s p e c t r a  is due t o  t r i c h l o r o e t h a n e .  Sub t rac t ing  
t h e  c o n t r i b u t i o n  t o  t h e  s p e c t r a  r e s u l t i n g  from t h e s e  two compounds and methylene 
c h l o r i d e ,  which is  s t i l l  p r e s e n t  ( ignor ing  temperature  e f f e c t s  f o r  a f i r s t  
approximation and ignor ing  peaks less than 10  pe rcen t  of t h e  spectra f o r  tri- 
ch loroe thylene  and l , l , l - t r i c h l o r o e t h a n e ) ,  t h e  r e s i d u a l  spectra shown i n  
Table A-2, column 5, i s  obta ined .  Methylene c h l o r i d e  c o n t r i b u t i o n  i s  based on 
t h e  m / e  84 peak. 
However, t h e  r a t i o  m / e  95/97 is less 
From Table 3-5, 
However, f o r  
The r e s i d u a l  s p e c t r a  a f t e r  s u b t r a c t i n g  the  c o n t r i b u t i o n  a t t r i b u t e d  t o  methylene 
c h l o r i d e ,  t r i c h l o r o e t h y l e n e ,  l , l , l - t r i c h l o r o t h a n e  has  i t s  major peaks a t  mass 
43 and 83, wi th  smaller peaks a t  54, 57, 61,  70, 72 and 88. Mass 83 is  ass igned  
t o  chloroform since t h i s  i s  t h e  only compound i n  Table  3-5 which i s  c o n s i s t e n t  
with t h e  rest of t h e  s p e c t r a .  A f t e r  s u b t r a c t i o n  of t h e  chloroform cont r ibu-  
t i o n ,  t h e  s p e c t r a  shown i n  t h e  l a s t  column of Table  A-2 r e s u l t s .  Mass 43 peak 
i s  most i n t e n s e  i n  t h e  r e s i d u a l  s p e c t r a  and could be  due t o  a number of com- 
pounds. Consider ing only  those  l i s t e d  i n  Table  3-5, ace tone  can b e  r u l e d  o u t ,  
s i n c e  t h e  58 peak would b e  expected t o  be cons iderably  l a r g e r  and ace tone  should 
have appeared h ighe r  i n i t i a l l y  because i ts  deso rp t ion  curve has  i t s  maximum 
a t  about llO°C. Methylace ta te ,  methyl e t h y l  ke tone ,  2-methoxyethanol, e t h y l  
acetate, butyra ldehyde ,  and p o s s i b l y ,  n-hexane, are p o t e n t i a l  candida tes .  
Methyl i sop ropy l  ke tone  would n o t  be  expected t o  show up i n  the  s p e c t r a  a t  t h i s  
low temperature .  The i n t e n s i t y  of t h e  smaller peaks are c o n s i s t e n t  w i th  
several of t h e s e  compounds and, t h e r e f o r e ,  no assignment i s  made a t  t h i s  t i m e .  
I n s t e a d ,  i t  is  more p r o f i t a b l e  t o  cons ider  t h e  nex t  temperature  scan  t o  see how 
t h e  i n t e n s i t i e s  are changing as a f u n c t i o n  of temperature .  
The o r i g i n a l  s p e c t r a ,  a t  13OoC, is  shown i n  column 2 of Table A-3. A f t e r  e l i m -  
i n a t i n g  methylene c h l o r i d e ,  t r i c h l o r o e t h y l e n e ,  l , l , l - t r i c h l o r o e t h a n e ,  and chloro-  
form, t h e  s p e c t r a  p re sen ted  i n  column 3 of Table A-3 remains. I n  t h i s  r e s i d u a l  
s p e c t r a  masses 86 a n d  88 s t a n d  ou t  c l e a r l y ,  as do t h e  group a t  70-73. The peak 
a t  6 1  is  s i g n i f i c a n t ,  as are t h e  peaks i n  t h e  54 t o  59 group. 
ou t  as t h e  l a r g e s t  peak i n  t h e  s p e c t r a .  S t a r t i n g  from the h igh  mass end of 
t h e  spectra, t h e  two compounds i n  Table 3-5 t h a t  have an  88 peak are e t h y l  
a c e t a t e  and dioxane. I f  t h e  88 peak were e n t i r e l y  due t o  e t h y l  a c e t a t e ,  t h e  
mass 6 1  peak should b e  roughly fou r  t imes as l a r g e  as m a s s  88. On t h i s  b a s i s ,  
mass 88 can be  t e n t a t i v e l y  ass igned  t o  dioxane. Re fe r r ing  t o  Table A-1, t h e  
mass 88 peak appears  t o  reach  a maximum around 165°C; t h i s  would be  expected 
f o r  e i t h e r  e t h y l  acetate o r  dioxane,  Sub t rac t ing  t h e  dioxane s p e c t r a  on t h e  
b a s i s  of t h e  88 peak h e i g h t  l eads  t o  the  s p e c t r a  shown i n  column 4 of Table A-3. 
The l a r g e  nega t ive  va lue  a t  m / e  58 i s  susp ic ious  t h a t  t h e  assignment i s  wrong 
o r  t h a t  p a r t  of mass 88 comes from a compound which does no t  y i e l d  a 58 peak. 
Allowing t h e  assignment t o  s t a n d ,  t h e  next  mass t o  be  considered is  m / e  86. 
The 43 peak s t ands  
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Mass 86 can be due t o  e i t h e r  n-hexane o r  methyl i sop ropy l  ketone from Table  3-5.  
Both compounds could c o n t r i b u t e  s u b s t a n t i a l l y  t o  m / e  43; however, n-hexane 
would b e  expected t o  have l a r g e  peaks a t  m / e  56 and 57 and t h e s e  peaks are s m a l l  
relative t o  t h e  86 peak. 
ketone,  then,  t h e r e  should be  a peak a t  mass 71,  about  one-third i t s  s i z e ,  and 
t h e  va lue  of 29 is  c o r r e c t ,  Mass 43 i s  l a r g e  enough t o  inc lude  methyl i sop ropy l  
ketone and some o t h e r  compound. 
p y l  ke tone  t o  t h e  s p e c t r a ,  t h e  r e s i d u a l  s p e c t r a  i s  shown i n  column 5. 
mass 86 had been ass igned  t o  n-hexane, d e f i c i t s  a t  mass 56 and 57 would have 
been about  650 and 1200, r e s p e c t i v e l y . )  
I f  m / e  86 i s  t o  be  a t t r i b u t e d  t o  methyl i sop ropy l  
El imina t ing  t h e  c o n t r i b u t i o n  of methyl i sopro-  
( I f  
Proceeding through t h e  s p e c t r a ,  mass 73 is  t h e  nex t  t o  be  considered.  There 
are n i n e  compounds t h a t  can g ive  rise t o  mass 73; of t h e s e  benzene, chloro-  
benzene, and propyl  mercaptan can be e l imina ted  a t  once because of t h e  absence 
of m / e  76, 77, and 78. E thyl  formate and d i e t h y l  e t h e r  should have shown up 
ear l ier  i n  t h e  deso rp t ion  run  and should n o t  be  peaking i n  t h i s  temperature  
range. Butanol,  bu tyra ldehyde ,  e t h y l  a c e t a t e ,  and t e t r ahydro fu ran  remain. 
Buty l  acetate i s  cons idered  u n l i k e l y  s i n c e  t h e  m / e  73 reaches a maximum be- 
tween 140 and 165OC and t h e  maximum f o r  b u t y l  acetate would be  expected a t  
h ighe r  temperatures .  
The p o s s i b i l i t i e s  t o  be considered are; bu tano l ,  butyraldehyde,  e t h y l  acetate, 
and t e t r ahydro fu ran  . 
The maximum amount of m / e  73 t h a t  could be  ass igned  t o  butyraldehyde i s  
(2.6/44.8) x 93, o r  5 d i v i s i o n s ,  from t h e  7 2  peak. On t h e  b a s i s  of m / e  56, 
none of 73 can be due t o  butanol .  
e t h y l  a c e t a t e .  From m / e  72, only 3 d i v i s i o n s  of m / e  73 can be  due t o  tetra- 
hydrofuran.  
cand ida te  f o r  m / e  73, a l though c o n t r i b u t i o n s  from two o t h e r  compounds, buty- 
ra ldehyde and t e t r ahydro fu ran ,  cannot be completely e l imina ted .  
From m / e  61, 18 d i v i s i o n s  of 63 can be  
These cons ide ra t ions  imply t h a t  e t h y l  acetate i s  t h e  most l i k e l y  
A t  mass 7 2 ,  candida tes  are methyl e t h y l  ke tone ,  butyraldehyde,  t e t r ahydro fu ran ,  
and butanol .  The absence of mass 7 1  i m p l i e s  t h a t  t e t r ahydro fu ran  i s  n o t  a 
l i k e l y  candida te .  The r a t i o  of 57/72 appears  about  r i g h t  f o r  e i t h e r  bu tyra lde-  
hyde o r  methyl e t h y l  ketone;  t h e  small  va lue  a t  m / e  4 1  c a s t s  doubt on buty- 
ra ldehyde.  The l a r g e  43 peak i s  c o n s i s t e n t  w i th  e i t h e r  butyraldehyde o r  methyl 
e t h y l  ketone.  
T e n t a t i v e l y  then ,  t h e  compounds i n  t h e  m / e  70-74 group may be  ass igned  t o  e t h y l  
acetate and methyl e t h y l  ketone.  Sub t rac t ing  t h e s e  compounds from t h e  spectrum 
i n  column 4 of Table  A-3 y i e l d s  the  spectrum shown i n  column 6. 
a c c u r a t e  r e s u l t s ,  t h e  dioxane s p e c t r a  should be  r e f i g u r e d  f o r  t h e  e t h y l  acetate 
c o n t r i b u t i o n  t o  mass 88, b u t  f o r  t he  moment, t h i s  minor c o r r e c t i o n  (10 pe rcen t )  
w i l l  be  omit ted.  The e t h y l  a c e t a t e  s u b t r a c t i o n  i s  based on m / e  6 1  r a t h e r  than 
73, s i n c e  t h e  61  peak is  l a r g e r .  
For most 
Many of t h e  lower mass numbers now show d e f i c i t  as a r e s u l t  of s u b t r a c t i o n  from 
h ighe r  mass numbers on t h e  ascending s i d e  of t h e  deso rp t ion  curve.  
words, when t h e  lower mass numbers were scanned, t h e  p r e s s u r e  of t h e  contami- 
nan t s  was i n c r e a s i n g  i n  the  system. Conversely,  i t  appears  t h a t  methylene 
I n  o t h e r  
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c h l o r i d e  i s  undercor rec ted ;  t h a t  is ,  t h e  l a r g e  r e s i d u a l s  a t  mass 49 and 5 1  are 
due t o  the  f a c t  t h a t  t h e  p a r t i a l  p re s su re  of methylene c h l o r i d e  had decreased 
when mass 84 was scanned. Basing t h e  c a l c u l a t i o n  f o r  e t h y l  a c e t a t e  on m / e  61  
undercor rec ts  t h e  mass numbers g r e a t e r  than 61. This  e f f e c t  can i n t e r f e r e  
wi th  d e t e c t i o n  of low concen t r a t ions  of o t h e r  con tab inan t s .  
Continuing t h e  a n a l y s i s  of t h e  scan s t a r t e d  a t  130°C, t h e  remaining mass numbers 
which should b e  cons idered  are mass 59, 56, 55, 45, 43, and 42. It  i s  assumed 
t h a t  t h e  49 and 5 1  masses r e s u l t  from methylene c h l o r i d e ,  a l though m / e  51  
appears  high f o r  t h e  c h l o r i n e  i s o t o p e  peak. Cyclohexane, bu tano l ,  and n-hexane 
a l l  have major peaks a t  mass 56. But none of t h e s e  w i l l  account  f o r  mass 
number 45, 
i n  i t s  deso rp t ion  curve  is  a t  1 2 O O C .  Thus, i t s  maximum should appear t o  occur 
between 107 and 13OOC. However, t he  peak a t  mass 45 appears  t o  occur  between 
130 and 155OC scans, b u t  t h e  s p e c t r a  is  n o t  symmetrical .  
t h e  va lue  is 159 i n s t e a d  of 40-50 d i v i s i o n s ,  as might b e  expected f o r  a s i n g l e  
compound. It could b e  t h a t  t h i s  peak r ece ives  c o n t r i b u t i o n s  from two compounds 
wi th  d i f f e r e n t  deso rp t ion  tempera tures ,  and t h a t  t h e  r e s i d u a l  a t  130°C i s  due 
t o  2-propanol. Thus, a t  t h i s  p o i n t ,  i t  i s  d i f f i c u l t  t o  a s s i g n  t h e  r e s i d u a l  
s p e c t r a  t o  any o t h e r  compounds, b u t  i t  appears  t h a t  p o t e n t i a l  candida tes  are 
cyclohexane, n-hexane, n-butanol and 2-propanol. 
The only compound wi th  a l a r g e  m / e  45 i s  2-propanol, b u t  t h e  maximum 
A t  t h e  175OC scan ,  
Proceeding i n  t h e  same manner f o r  t h e  mass scan  a t  155"C, t h e  spectrum shown i n  
Table A-4 r e s u l t s .  
assignment of mass 72 is n o t  p o s s i b l e  w i t h i n  t h i s  mode of i d e n t i f i c a t i o n .  The 
only  p o s s i b l e  b a s i s  i s  t h e  fact  t h a t  w i th  butyra ldehyde  ass igned  t o  m / e  7 2 ,  t h e  
r e s i d u a l  a t  43 is  r e l a t i v e l y  h igh  and t h e r e  are no o t h e r  low molecular  weight 
compounds a v a i l a b l e  t o  account  f o r  t h e  residuum w i t h i n  t h e  framework of a n a l y s i s .  
Acetone should have been recognized earlier. 
methyl e t h y l  ke tone  i s  t h a t  no a d d i t i o n a l l n e g a t i v e  numbers are introduced i n t o  
t h e  spectrum, and t h i s  i s  c o n s i s t e n t  w i th  be ing  on t h e  descending s i d e  of t h i s  
compound's deso rp t ion  curve ,  n o t i n g  t h a t  m / e  7 2  peaked i n  t h e  p r i o r  deso rp t ion  
run. 
Choice between butyraldehyde and methyl e t h y l  ketone f o r  t h e  
The o t h e r  argument i n  favor  of 
Choice of bu tano l  a t  mass 56 is  a l s o  a r b i t r a r y .  The temperature  p r o f i l e  of 
mass 56 shows a maximum between t h e  scan  s t a r t i n g  a t  130' and the  scan  s t a r t i n g  
a t  155OC; f o r  mass 56, t h i s  means t h e  peak i s  occur r ing  i n  t h e  r eg ion  of 
138OC t o  163OC. 
c a t i o n  of t h e  presence  of an  a l coho l ,  is reaching  i t s  maximum a t  too high a 
temperature  t o  b e  any one of t h e  t h r e e  carbon a l coho l s  o r  by d i e t h y l  e t h e r .  
Ethylene g l y c o l  i s  t h e  only  o t h e r  contaminant i n  t h i s  r eg ion  which would y i e l d  
a s u b s t a n t i a l  peak a t  mass 31, b u t  t h e  i n t e n s i t y  a t  m / e  33 i s  too  l o w  t o  a t t r i -  
b u t e  t h e  31 peak t o  t h i s  compound. I f  31 is  as s igned  t o  bu tano l ,  t he  s p e c t r a  
shown i n  t h e  l as t  column of Table A-4 r e s u l t s .  The r e s i d u a l  a t  masses 4 1  
through 45 is  h i g h e r  than  d e s i r a b l e ;  t h e  va lues  a t  masses 55 and 57 are consis-  
t e n t  w i th  background s p e c t r a ,  
t o  an unknown methyl ke tone ,  i t s  concen t r a t ion  is  expected t o  be  of t h e  o rde r  
of 0 .2  ppm. 
This  i s  low f o r  bu tano l ,  b u t  m / e  31, which is  a s t r o n g  ind i -  
Assuming t h e  r e s i d u a l  a t  m / e  43 corresponded 
The r e s u l t s  of similar c a l c u l a t i o n s  f o r  t h e  scan 175OC are shown i n  Table A-5. 
The r e s i d u a l s  i n  t h e  mass 40-50 group are r a t h e r  h ighe r  than  d e s i r a b l e ,  b u t  
probably r e f l e c t  t h e  e r r o r s  r e s u l t i n g  from c a l c u l a t i o n s  based on h igher  mass 
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number, low i n t e n s i t y  peaks which are on t h e  t r a i l i n g  edge of t h e  deso rp t ion  
curve ,  The mass numbers 85 and 87 i n  Table A-5 sugges t  t h a t  t h e r e  i s  another  
contaminant p r e s e n t ,  which is no t  l i s t e d  i n  Table 3-5, S m a l l  peaks appearing 
i n  t h e  remaining scans  are t h e  end of t h e  deso rp t ion  cu rves I  The peaks a t  
m / e  63, 65, 91 ,  104, 116, and 136, which occur i n  t h e  f i n a l  s can  a t  230°C, 
are c h a r a c t e r i s t i c  of t h e  decomposition products  of Porapak Q. The c e l l  used 
had been hea ted  above 23OOC i n  earlier runs and t h e  mass numbers appear  t o  be  
a s s o c i a t e d  wi th  t h e  divinylbenzene polymer degrada t ion .  
i d e n t i f i e d  i n  t h e  mixture  are: 
The contaminants 
a.  
b .  
C .  
d. 
e. 
f .  
g *  
h .  
i. 
Methylene c h l o r i d e  
Tr i ch lo roe thy lene  
l , l , l - t r i c h l o r o e t h a n e  (Methylchloroform) 
Chloroform 
Dioxane 
Methyl i sop ropy l  ketone (MIPK) 
Methyl e t h y l  ketone (MEK) 
E thy l  a c e t a t e  
n-Bu t ano 1 
The amount of each contaminant p r e s e n t  i s  c a l c u l a t e d  from t h e  maximum va lue  
observed dur ing  t h e  deso rp t ion  us ing  t h e  s e n s i t i v i t y  f o r  each compound l i s t e d  
i n  Table  3-1. These c a l c u l a t i o n s  are summarized i n  Table  A-6. 
The g r e a t e s t  e r r o r s  which appear  i n  t h e  a n a l y s i s  are those  f o r  t r i c h l o r o e t h a n e  
and e t h y l  acetate. This  p a r t i c u l a r  set of e r r o r s  sugges t s  t h a t  t h e  t r i c h l o r o -  
thane  s p e c t r a l  d a t a  are i n  e r r o r  s i n c e  e t h y l  acetate is  c a l c u l a t e d  from mass 61 
a f t e r  s u b t r a c t i n g  t h e  t r i c h l o r o e t h a n e  c o n t r i b u t i o n  t o  t h i s  mass number. The 
o t h e r  e r r o r s  are be l i eved  t o  be  w i t h i n  t h e  accuracy wi th  which s e n s i t i v i t i e s  
can be  determined from prepared mixtures. 
The method of q u a l i t a t i v e  i d e n t i f i c a t i o n  i s  e s s e n t i a l l y  t h e  technique used 
f o r  t h e  a n a l y s i s  of mixtures  by m a s s  spectrometry.  The a d d i t i o n a l  in format ion  
a f fo rded  by programmed temperature  deso rp t ion  from t h e  c e l l  i s  v a l u a b l e  t o  a 
c e r t a i n  e x t e n t  i n  choosing between a l t e r n a t i v e  compounds, b u t  t h e  mass s p e c t r a l  
d a t a  i t s e l f  p rovides  t h e  most important  in format ion ,  
The above d i scuss ion  is  confined f o r  t h e  most p a r t ,  t o  cons ide ra t ions  of com- 
pounds which were s t u d i e d  i n  t h e  t e s t  program. 
number of o t h e r  p o t e n t i a l  contaminants which may be  considered.  The a b i l i t y  of 
t h i s  technique t o  provide  f o r  q u a l i t a t i v e  i d e n t i f i c a t i o n  of t h e s e  w i l l  depend 
on t h e  complexity of t h e  mixture  i n  which they occur  and t h e i r  relative concen- 
t r a t i o n  i n  the  mixture .  These f a c t o r s  are  d iscussed  i n  Sec t ion  3 of t h i s  r e p o r t .  
Obviously,  t h e r e  are a l a r g e  
A- 6 
TABLE A-1 
Nass Spectral Data Prom A Mixture Analysis  
Temperature O C  
Pressure I n l e t  
























































1 8  
12 














































































4 3  
105 
168 






















18 61  
5 29 
42 93 








































































1 3  
5 1  
50 














































A - 7  










































































23 26 17 
$5 20 10 
10 144 216 93 
10 132 204 9G 











A -  8 
TABLE A-2 
107OC Scan 
O r i g l n e l  
































6 1  34 
63 
70 18 





83 19 2 
84 480 
85 132 
86 I 300 
87 24 
88 58 
Methylene Tr i ch lo rc  Tr i ch lo ro  Chlpro- 
Chlor ide e thy lene  e thane  form 
(m/e 84) (m/e 139) (m/e 97) ( d e  83) 
135 135 











114 1 1 4  
42 42 
41 40 
14 1 4  
-40 -40 



























3 - 1  




-4 4 4  
18 18 
399 399 



























13 1 3  
A -  9 
TABLE A-2 (Continued) 
Original 








Me thy lene 
Chloride 
( d e  84) 
Taichloro Trlchloro Chloro- 
(m/e 130) (m/e 9 7 )  ( d e  83) 
ethylene ethane form 
10 -1 -1 -1 
15 8 0 0 































































































































































































































































































61  61 28 28 
29 1 1 1 
93 93 70 0 
36 36 21 21 
TABLE A-3 (Continued) 



















Spectra Dioxane MIPK Acetate MEK 




-5 -30 -30 
04 84 0 
-1 -7 -7 














































































































1 7 1  
195 































































































































































































































































































































































































Or ig ina l  













Trich loro-  













Tr ich loro-  
















Methylene I sopropyl  Ethyl Ethyl  
Chlor ide  Dioxane Ketone Acetate Ketone Butanol 
151 149 0 
10 0 
182 18 18 0 0 
3 3 3 3 3 
15 15  15 15  15 
A - 1 4  
TABLE A-5 
175'C Scan 







































7 1  
72 
73 
8 2  
Or ig ina l  




















1 3  
13  
. 7  
7 
1 2  















Tr i ch lo ro  





















































































1 2  
17 































































































































































1 9 1  
120 
23 




































































1, l . l -Trichloro-  











MIPK MEK Acetate  Butanol 
3 3 3 3 
-1 -1 -1 
24 24 24 24 
0 0 




Calculation of Concentration of Contaminants 
Sensitivity 
C omp o und (m/e> 
Methylene chloride 100 
Trichloroethylene 120 
1 ,1 , 1-Trichloroethane 84 
Chloroform 144 
Dioxane 76 
Ethyl acetate 60 
Methyl ethyl ketone 66 
Methyl isopropyl ketone 70 
Peak Temperature 
Found (Table 3-1) 
(112)  
162 160-170 
























Methyl ethyl ketone 
Methyl isopropyl ketone 
n-Bu tan0 1 
Concentration 




























* Sample volume 2.9 liters 
**Based on prepared mixture 
A -  17 
APPENDIX B 
TABLES OF MASS SPECTRAL DATA 
TABLE B-1 
Acetone 















































































*Relative sensitivity to nitrogen 











































































































s = .58 **R = .064 
**Relative sensitivity in the low voltage 
mode to high voltage mode 
B-2 




1 6  



































































TABLE B-3 (Continued) 





76 ,032  
77 .168 
78 1.000 1.000 
79 .066 .061 
80 .OOl 





1 2  
13 
1 4  
1 5  









































































59 ,004 .005 

















































74 .008 .004 






























































































































































. O O l  
.002 











. O O l  























TABLE B-7 (Continued) 
m/ e 70 eV 8 eV 
70 .002 
7 1  .OlO .009 
72 .002 
73  0 110 .067 
74 .004 
75 .QQ1 
86 ,004 .006 
87 ,008 .010 
88 ,001 
' ' '(No' parent peak' observed) 





















































. O O l  ,002 
~~ .002 .002 
s = 2.1 R = .05 


























1 2 1  
TABLE B-9 
Carbon T e t r a c h l o r i d e  



































































6 1  
62 












































TABLE B-10 (Continued) 

























1 1 2  1 ,000 1.000 
113 .011 
114 .299 .282  
115 ,007 ,007 
R = ,037 s = 1.0  
B-14 
TABLE B - 1 1  
Chloroform 
m/ e 

























































































1 2  
13 
1 4  
15 
16  



























































































. O l l  
.004 
. O O l  
,001  
. O O l  
*Impurity of  Chlorobutane 
B-16 
TABLE B-12 (Continued) 
m/ e 70 eV 8 e V  
59 .002 
60 .003 
6 1  ,008 
62 .009 
63  .072 .008 
64 ,004 
65 .022 .003 
69 .001 
















80 .015 .004 
s = 1.1 R = ,083 
B-17 
TABLE B-13 
Cy cl oh exane 
m/ e 
1 4  
15 
16 











































































, 2 2 2  
8 eV 
,005 

















TABLE B-13 (Continued) 
m/e 70 eV 8 eV 
70 
























s = 1.2 R = ,069 
B-19 
TABLE B-14 
D ie thy l  Ether  
m/ e 






























































. O O l  
. O O l  
.014 





















. O O l  .001 
.016 . o n  
.167 .173 
.007 .002 
. -  . O O l  






















































































90 ,001 .OOl 




m l  e 
1 2  
13 
14 
1 5  
16 
18 


























7 1  




























































s = 1.9 R = .014 
B-22 
TABLE B-17 
Ethyl  Alcohol 






















































4 1  .007 
42 .022 
43 .082 
44 ,008 .003 
45 .398 .286 
46 .166 ,143 
47 .003 .004 































































S = ' . 6 6  
B-24 
FIGURE B-19 
E thy l e n e  
d e  70 eV 8 eV 
1 2  ,013 
13 .020 
13.5 .004 
1 4  041 .006 
15 ,003 
1 7  .001 
18 .007 ,006 
24 027 
25 .093 
26 .573 ,108 
27 ,613 ,051 
28 1 L 000 1 * 000 
29 .019 ,021 
s - 1.2 R = .24 
B-25 
TABLE B-20 





1 7  
18 





























































57  ,002 
59 ,010 
60 . O O l  




















>kllrace Qf Benzene 
B-26 
m/ e 








TABLE B-20 (Continued) 
70 eV 
.001* 
. O O l  
,001 
,002 








s = .9 R = .34 
*Trace of Benzene 
B-27 
TABLE B - 2 1  

































6 1  
6 2  
63 
64 




























































TABLE B-21 (Continued) 


















m/ e 8 eV 
.212 
70 e V  




























































6 8  .050 
B-30 
TABLE B-22 (Continued) 









1 1 7  
119 



























































































. 0 35 




















TABLE B-23 (Continued) 
m/ e 70 eV 8 eV 
70 .008 





84 ,012 .010 
85 .003 .002 
86 .123 .086 
8 7  .007 .005 









































































































28 .065 ,001  
29 ,457 012 
30 .060 .017 
3 1  1.000 .656 
32 .702 1.000 
33 ,010 ,011 
34 .002 ,002 -


































































































































































TABLE B-27 (Continued) 
m/ e 70 e V  8 e V  
58 .001 
59 ,227 ,029 
60 .008 





















89 . O O l  
1 0 1  .006 
102 ,010 
















































































72  .001 
B-39 
TABLE B-28 (Continued) 
m/ e 70 eV 8 eV 
82 .004 
83 .012 
84 .490 ,115 
85 .013 
86 .304 ,070 
87 .004 
88 .Oh4 ,016 
89 * 001 
S = .'85 R = .02 
B-40 
TABLE B-29 



























































































B - 4 1  
TABLE B-29 (Continued) 
m/ e 70 eV 8 eV 
57 .057 ,127 
58 .002 ,004 
59 L 001 .001 
7 1  ,006 .002 
71 .143 ,326 
73 .006 .013 
74 .001 

































































TABLE B-30 (Continued) 
m l  e 70 eV 8 eV 
67 0 001 
69 0 001 
70 ,001 .OOl 
71 .031 .072 
72 ,002 .003 
84 .OOl 
85 * 001 
86 .094 .132 
87 004 .006 







































































.012 . .001 
,053 .013 
.012 .003 









72 .004 .OOl 
s = .79 R = .29 
E-45 
TABLE B-32 
Nit rous  Oxide 
m/ e 70 eV 8 eV 
14 .079 .089 
16 ,029 .236 
17  ,001 









44 1.000 1.000 
45 .007 .007 
46 .002 












































































































TABLE B-33 (Continued) 
m/ e 
62 
6 3  
6 4  
66 
6 8  
6 9  
m/ e 
7 3  
7 4  
75 
7 6  
77 
78  













.~ .023 ,032 
s = .7 R =  .4 
*Spectra shows evidence of Dipropyl Disulfide 
impurity estimated at 10%. 
B-48 
TABLE B-34 































































































6 1  .002 .001 
s = 2  R = ,089 
B-49 
TABLE B-35 
2-Pr op an01 
m/ e 































































































60 .005 ,004 

































































































7 1  
72 
73 
TABLE B-36 (Continued) 







. O l O  .012 
.001 . O O l  

















4 1  
42 
42.5 














6 1  
6 2  

















































. O O l  
B-53 

























93 .049 .055 

































































































TABLE B-38 (Continued) 















95 1.000 .049 
96 .040 
97 .635 .030 
98 .012 
99 ,089 .007 
130 .894 1.000 
132 .868 .916 
134 .271 ,279 
136 .025 .021 
















































































TABLE B-39 (Continued) 















1 1 7  .229 
119 .217 
1 2 1  .060 
123 .007 
*Impurities - see text 
S = .32 
B-58 
TABLE B-40 
Vinyl  Chloride 
m/ e 
1 2  
13 
















































. O l O  
.005 
.002 

















,075 . 947 .600 
.039 ,011 
.294 .181 
65 .007 ,004 
s = .77 R = .25 
B-59 
TABLE B-41 
Vinylidene Fluoride (1,l-Difluoroethylene) 
m / e  70 eV 8 eV 
12 .043 .006 
13 ,038 .007 
14  .214 .261 
15 .002 ,002 
1 7  . O O l  
1 8  .022 
























64 1.00 1,000 
65 .020 .020 
s = .43 R = .18 
B-60 
m/e 
























































































TABLE B-42 (Continued) 
m/ e 70 eV 8 eV 
































1 0 1  .002 
102 .007 
10  3 .043 
104 .013 
105 .214 
106 ,506 1 ,000  
10 7 ,024 ,039 





1 4  
15 
16 





































































. O l l  



































TABLE B-43 (Continued) 





























107 ,022 ,035 
S = 1.6 R = .076 
B- 64 
